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nessee    


Babcock.  Earle  J i  Dean  of  the  College  of  Mining  Engi- 

State  L'niversity,  ;     neering  and  Professor  of  Chemistry 

Grand  Forks,  N.  D.   !     and  Metallurgy,  State  University  and 

'     School  of  Mines  of  North  Dakota. .  . 


1894 

1896 
1907 

1907 
1908 

1896 

1908 
1905 

1907 
1907 

1894 
1907 

1898 

1907 


MEMBERS. 
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Babcock.  Wabrex   Professor  of  Mathematics.                        I 

East  Lansing,  Mich.  Michigan  Agricultural  College 1908 

Bacox,  George  M Civil  Engineer  1907 

159  Pierpont  Ave.,          i  r 
Salt  Lake  City,  Utah. 

Baker.  Ira  0 Professor  of  Civil  Engineering, 

Champaign,  111.  University  of  Illinois 1893 

Ball,  Albert   Assistant    Professor    of    Phvsics    and  i 


Mechanical  and  Electrical  Engineer- 
ing, Cooper  Union  for  the  Advance- 
ment of  Science " 


1908 


Manager  of  Engineering  and  Con- 
struction Department,  The  Sherwin- 
Williams  Co 1907 


Cooper  Union, 
New  York,  X.  Y. 

Ball.^d,  Frederick  W.  . 
49  Cadwell  Ave., 
Mayfield  Heights, 
Cleveland,  Ohio. 

Ballou,  Willard  a Instructor  in  Mathematics.                      ; 

Brooklyn,  X.  Y.  Pratt  Institute  of  Brooklyn !  1908 

Barnes,  Fred  A Assistant  Professor  of  Railroad  Engi- 

Ithaca,  X.  Y.  neering,  Cornell  University 1904 

Barney,  Samx-el  E Assistant  Professor  of  Civil  Engineer- 
New  Haven,  Conn.               ing,  Yale  University 1894 

Babr,   John   H Consulting  Engineer. 

Syracuse,  X.  Y.  Union  Typewriter  Co 1902 

Babbaclocgh,  S.  Henry...  Professor  of  Mechanical  Engineering, 

Svdnev,  X.  S.  W..  Russell  School  of  Engineering,  Uni 

Australia. 


versity  of  Sydney. 

Barrows,  Harold  K Hydraulic  and  Sanitary  Engineer 

6  Beacon  St., 

Boston,  Mass.  | 

Assistant      Professor      of      Electrical 


1900 

1902 


Barrows,  William  E.,  Jr. 
Chicago,  111. 


Engineering,    Armour    In:titute    of 
Technology 1908 


Basquin,  Olin  H Professor  of  Applied  Mechanics.  Col- 


Evanston,  111. 

Bass.  Frederic  H 

3Iinneapolis,  Minn. 


lege    of    Engineering,    Xorthwestern 
University 


Assistant  Professor  of  Municipal  and 
Sanitary  Engineering,  University 
of  Minnesota:  Engineer,  Minnesota 
State  Board  of  Health 


•Bates.  Erastis   X Instructor  in  Electrical   Engineering, 

East  Lansing,  Mich.  Michigan  Agricultural  College 


1908 

1904 
1908 


MEMBERS. 


Name  axd  Address. 


Tm-E. 


Bates,  Okwabd  

355  Dearborn  St., 
Chicago,  ni. 

Beckeb,  Albebt  Joh^ 

915  Belmont  Ave., 
Grand  Forks,  N.  D. 

Beebe,  MrBBAT  Charles  . . 
Madison,  Wis. 

BEJfCH,  Axfsed  R 

706  Soutli  Second  St., 
Champaign,  111. 

BeivEDICt.  Habbt  Yandell. 
Austin,  Texas. 

Bexjamik,  Chables  H 

Lafayette,  Ind. 

Bexkebt.  Habbt  Xewtox  . . 
151S  y.  26th  St.. 
Philadelphia,  Pa. 

Bexxett,  Edward 

The  Inriog, 
^Madison,  Wis. 


Civil  Engineer 


Professor  of  Applied  Mathematics  and 
Mechanical  Drawing,  State  Univer- 
sity of  Xorth  Dakota 

Professor  of  Electrical  Engineering, 
Universitv  of  Wisconsin 


BE?fTox,  John  R 

Gainesville,  Fla. 

Bettzexbeeg,  Geobge  H 

255  Greenbush  St., 
Milwaukee,  Wis. 

*Betts.  Philasdeb 

The  Oakland, 

2019  Columbia  Road, 
Washington,  D.  C. 

Beyer,  Samxxl  W 

Ames,  Iowa. 

•BiEGLER,  Phujp  S 

1917  Mansfield  Ave., 
Spokane,  Wash. 

Bishop.  Fbedebic  LrxDAix. 

Pittsburgh,  Pa. 
Bissell,  Geobge  W 

East  Lansing,  Mich. 


Instructor  in  Mechanical  Engineering, 
University  of  Illinois 


Professor  of  Applied  Mathematics, 
Director  of  Department  of  Exten- 
sion, University  of  Texas 

Dean  of  the  Schools  of  Engineering, 
Purdue  University 

Assistant  Professor  in  charge  of  Civil 
Engineering,   Drexel   Institute 

Associate  Professor  of  Electrical  En- 
gineering, University  of  Wisconsin . . 

Professor  of  Physics  ari  Electricti 
Engineering,  University  of  Florida . . 

Consulting  Civil  Engineer 


Assistant  Professor  in  Electrical  En- 
gineering. George  Washington  Uni- 
versity, Washington  College  of  Engi- 
neering   

Vice-Dean.  Division  of  Engineering 
and  Professor  of  Geology  and  Mining 
Engineering,  Iowa  State  College .... 

Assistant  Professor  of  Electrical  Engi- 
neering, State  University  of  Iowa . . 

Professor  of  Physics. 
University  of  Pittsburgh 

Dean  of  Engineering  and  Professor  of 
^Mechanical  Engineering,  Michigan 
Agricultural  College   


1903 

1907 
1906 
1908 

1906 
1893 
1909 

1909 

1905 
1907 

1907 

1899 

1908 

1907 

1894 
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Name  and  Addbess 


BiTTixG,  Habbt  Stahle  . .  .    General  Director  of  Williamson  Free 

Williamson  School  P.  0.,       School  of  Mechanical  Trades 1909 

Delaware  Co.,  Pa.       | 

BlxBT,  WiL-.iAM  H :  Colonel    Corps    of    Engineers,    U.    ! 

428  Custom  House,  Army,  U.  S.  Engineer's  Office 1898 

St.  Louis,  Mo.  I 

Black,  Adolph Adjunct  Professor  of  Civil  Engineer-  j 

New  York,  N.  Y.  ing,  Columbia  University 1907 

Blanchaed,  Abthub  H Associate  Professor  of  Civil  Engineer-  j 

Providence,  R.  I.  ing,  Brown  University ,  1902 

BoABDMAN,  Habold  S Professor  of  Civil  Engineering, 

Orono,  Me.  University  of  Maine 1903 

*Bohaxxax.  Rossee  D Professor  of  Mathematics, 

Indianolaand  16th  Aves., ,     Ohio  State  University 1907 

Columbus,  Ohio.  t 

BooTHBOTD,  Samuel  L Assistant    Professor    of    Topographic 

Forest  Home,  j     and     Geodetic     Surveying,     Cornell 

Ithaca,  N.  Y.  University  |  1908 

BouGHTON,  Will  H Professor  of  Civil  Engineering, 

Morgantown,  W.  Va.      |     West  Virginia  University 1905 

BovEY,  Henby  T Rector    of    the    Imperial    College    of 

South  Kensington,  ,      Science  and  Technology 1892 

London,  England. 

liowEBMAX,  MYBo:>r  R •  Assistant  in  Mechanical  Drawing, 

913  Humboldt  St.,  Kansas  State  Agricultural  College..    1909 

Manhattan,   Kan. 

Boyd,  Alfbed   Adjunct  Professor  of  Civil  Engineer- 

1035  F  St.,  ing,  The  University  of  Nebraska ....    1909 

Lincoln,  Neb.  I 

Boyd,  J  mi  s  E !  Professor  of  Mechanics, 

92  West  Lane  Ave.,  Ohio  State  University 1907 

Columbus,  Ohio.  i  1 

Bbackett,  Bybox  B Professor   of   Electrical    Engineering,  1 

Brookings,  S.  D.  South  Dakota  State  College 1906 

Bbadbuby,  Royall  Douglas    Instructor      in      Civil      Engineering,  | 
Technology  Chambers,         Massachusetts     Institute     of    Tech-  j 
Boston,  Mass.  nology    [  1907 

Bbadfobd,  Joseph  N Professor  of  Architecture, 

Columbus,  Ohio.  Ohio  State  University 1896 

Bbay,  Chables  D Professor  of  Mechanical  Engineering, 

Tufts  College,  Mass.  Tufts  College 1894 
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Beeckexbidge,  Lesteb  p. 
New  Haven,  Conn. 

Bbeed,  Chables  B 

Boston,  Mass. 


Beill.  Geobge  M 

1134  Marquette  Lldg., 
Chicago,  111. 

Bbixsmade.  Robeet  Bbuce 
4429  Morgan  St., 
St.  Louis,  Mo. 

Beistol,  Wm.  Heney 

Waterbury,   Conn. 

Bbooke,  William  E 

Iklinneapolis,  Minn. 

Beooks,  J.  Ansel 

Providence,  R.  I. 

Beooks,  John  P 

Urbana,  111. 

Beooks,  Mobgan   

Urbana,  111. 

Beown,  J.  Staxfobd 

10  Belmont  Ave., 
Yonkers,  N.  Y. 

Bbown,  Hexby  Bakee  .... 
303  Jefferson  St., 
Valparaiso,  Ind. 

*Bbowx.  X.  H 

College  Station,  Texas. 

Bbown,  Robebt  L 

P.  0.  Box  416, 
Auburn,  Ala. 

Beow>-e,  Wm.  Hand,  Jb.  . 
West  Raleigh,  N.  C. 


Bbuegel.  a.  Theodobe. 
Philadelphia,  Pa. 


Professor  of  Mechanical  Engineering, 
Sheffield  Scientific  School 

Assistant  Professor  of  Civil  Engi- 
neering, Massachusetts  Institute  of 
Technology    


Mechanical.    Electrical    and   Architec- 
tural Engineer 


1893 

1904 
1894 


Consulting  Engineer |  1907 


President,  The  Bristol  Co. 


Professor  of  IMathematics  and  Me- 
chanics, College  of  Engineering, 
Universitr  of  Minnesota 


Associate  Professor  of  Mechanics  and 
]SIechanieal  Drawing,  Brown  Univer- 
sity   

Associate  Professor  of  Civil  Engineer- 
ing, University  of  Illinois 


Professor  of  Electrical  Engineering, 
University  of  Illinois 


Vice-President  and  Treasurer,  New 
Y'ork  Realty  Owners,  4S9  Fifth  Ave., 
New  Y'ork  City 

President,  Valparaiso  University 


1909 

1902 

1904 

1898 
1899 

1903 
1908 


Professor  of  Physics  and  Electrical 
Engineering,  Agricultural  and  Me- 
chanical College  of  Texas '  1904 

Professor  of  Mining  and  Geology,         I 
Alabama  Polytechnic  Institute ;  1908 

Professor    of    Physics    and    Electrical 
Engineering,  North  Carolina  College  I 
of  Agriculture  and  Mechanic  Arts . .  '  1899 

Manager,  The  Hesse-Bright  Mfg.  Co., 
21st  and  Fairmount  Ave.,  Philadel- 
phia, Pa 1900 
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Bbyans.  Wm.  Remixgtox.. 
p.  O.  Box  82, 

University  Heights, 
X.  Y. 

Betdoxe-Jack,  Ernest  E.. 
Winnipeg,  Manitoba. 

Bump,  Milan  R 

Joplin,  Mo. 

BuBGESs,  Charles  F 

Madison,  Wis. 

BUBGHARDT,   HeNRY  DwIGHT 

457  Eastern  Parkway, 
Brooklyn,  X.  Y. 

BCRLEY,   J.    W 

170  St.  James  Place, 
Brooklyn,  X.  Y. 

•BuRXHAM,  Raymond 

3606  Prairie  Ave., 
Chicago,  111. 

BxJBB,  William  H 

Xew  York,  N.  Y. 

Burton,  Alfred  E 

Boston,  Mass. 


Instructor  in  School   of  Applied  Sci- 
ence, Xew    ^ork    university 1908 


Professor  of  Civil  Engineering, 
University  of  Manitoba 

Treasurer  and  General  Manager,  Em- 
pire District  Electrical  Company, 
Joplin,  Missouri 

Professor  of  Chemical  Engineering, 
University  of  Wisconsin 

Instructor  in  Machine  Work, 
Pratt  Institute  


Instructor  in  Machine  Work, 
Pratt  Institute 


Associate  Professor  of  Experimental 
Engineering,  Armour  Institute  of 
Technologv    


BUTTERFIELD,  ARTHUR  D 

10  Schussler  Road, 
Worcester,  Mass. 

Cadwell,  Charles  Arthur 
2072  E.  69th  St., 
Cleveland,   0. 

Cajori,  Florian 

1119  Wood  Ave., 
Colorado  Springs,  Colo. 

CALDEBwoon.  .James  Park. 
State  College,  Pa. 

Caldwell.  Edward  

239  West  39th  St., 
Xew  York,  X.  Y. 

Caldwell.  Francis  C 

Columbus,  Ohio. 


Professor  of  Civil  Engineering, 
Columbia  University 

Professor  of  Topographical  Engineer- 
ing, in  charge  of  Department  of 
Drawing,  and  Dean,  Massachusetts 
Institute  of  Technology 

Assistant  Professor  of  Mathematics, 
Worcester  Polytechnic  Institute . .  . . 

Assistant  Professor  of  Mining  Engi- 
neering, Case  School  of  Applied 
Science    

Professor  of  Mathematics  and  Dean 
of  School  of  Engineering,  Colorado 
College   

Instructor  in  Mechanical  Engineering, 
The  Pennsylvania  State  College 

Treasurer,  McGraw-Hill  Book  Co., 
Xew  York  City 


1902 

1907 
1896 
1909 

1909 

1904 
1893 

1904 
1908 

1908 

1904 
1909 
1905 


Professor  of  Electrical  Engineering, 
Ohio  State  University i  1897 
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Caixax,  John  A.  C 

211  Seward  Place, 
Schenectady,  2s.  Y. 

Camp,  Walteb  M 

7740  Union  Are., 
Chicago,  111. 

Cabhabt,  Dastel 

Wilkinsburg  Station, 
Pittsburg,  Pa. 

Carpe>-teb,  Louis  G 

Fort  Collins,  Colo. 

Cabsox,  William  W 

Knoxrille,  Tenn. 

Cabtt.  John  Joseph 

Short  Hills,  N.  J. 

Cha>T)Leb,  Clabexce  a.. 

24  Milk  St., 
Boston,  Mass. 

Chandleb,  Elwtn  F 

Unirersity,  X.  D. 

Chamjte,  Octave 

1138  Dearborn  St., 
Chicago,  111. 

Chase,  Charles  H 

39  Lincoln  St., 
Stoneham,  Mass. 

Chatbubn,  Geobge  R 

Llacoln,  Neb. 

Chittexden,  Russell  H. 
83  Trumbull  St., 
New  Haven,  Conn. 

Chbistensen,  Geobge  L.. 
Houghton,  Mich. 

Chbisty.  Samuel  B 

Berkeley,  Cal. 

Clabk,  Addison  Neil  .... 
Reno.  Nev. 


Instructor  in  Drawing  and  Civil  Engl-  i 
neering.  Union  Collie,  Union  Uni-  | 
versity    j  1909 

Editor   of   Bailway   and  Engineering 

Review  1904 

I 

Civil  Engineer  1902 


Professor  of  Civil  and  Irrigation  En- 
gineering, Director  of  Experiment 
Station,  Colorado  State  Agricultural 
College  


Professor  of  Civil  Engineering, 
University  of  Tennessee 


Chief  Engineer  American  Telephone 
and  Telegraph  Co.,  15  Dey  Street, 
New  York  City 

Consulting  Engineer 


Professor  of  Mathematics, 
University  of  North  Dakota. 

Consulting  Engineer 


Professor  of  Steam  Engineering, 
Tufts  College 


Professor  of  Applied  Mechanics  and 
Machine  Design,  University  of  Ne- 
braska     ! 

Director  of  the  Sheffield  Scientific 
School  of  Yale  University 


Assistant  Professor  of  Mechanical  En- 
gineering, ?»Iichigan  College  of  ilines . 

Professor  of  [Mining  and  Metallurgy, 
University  of  California 

Engineer   of   Mines,    at   present   with 
Xevada   State  Journal 


1895 
1894 

1907 
1902 


1907 
1907 


1900 

1899 
1908 

1905 
1893 
1907 
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Name  a>'d  Addeess. 

Title. 

3 

CT.ARK,  John  J 

919  Sunset  St., 
Scranton,  Pa. 

Clifford,  Harby  E 

20  Crystal  St., 

Newton  Center,  Mass. 

Cliftox,  Harry  T 

871  Xorth  Lake  Ave., 
Pasadena,  Cal. 

PnRR    TTjniRFRT  "R 

Dean    of    the    Faculty,    International 
Correspondence     Schools;     Manager 
Textbook  Department  International 
Textbook  Company 

Professor  of  Electrical  Engineering, 
Harvard  University 

Instructor  in  Physics, 

Throop  Polytechnic  Institute 

Professor  and  Head  of  Dpnarfnipnt  nf 

1906 
1907 

1907 

2958  W.  Adams  St.,  Mathematics,  Lewis  Institute 1908 

Chicago,  lU. 

Cole,  Arthitr  W Assistant     Professor     in     Mechanical 

224  Waldron  St.,  Engineering,   Purdue   University....    1908 

West  Lafayette,  Ind. 

CoMSTOCK,  Clarence  Elmer    Professor  of  Mathematics, 

522  Bradlev  Ave.,  Bradlev  Polytechnic  Institute 1909 

Peoria,  111.  '  i 

CoMSTOCK,  Elting  H Professor    of    Mechanics    and    Mathe-  j 

214  Beacon  St.,  S.  E.          matics,  The  School  of  Mines,  Univer-  ' 
^Minneapolis,  Minn.  sity  of  Minnesota 1907 

CoMSTOCK,  Fran:k  Mason^  ..    Professor    of    Descriptive    Geometry, 

Cleveland,  Ohio.  Case  School  of  Applied  Science...'..    1907 

Conxelley,  Clifford  B.  . . .    Dean   of  the   School    for  Apprentices  i 
Osgood  and  MaripoeAves.,      and  Journeymen,  Carnegie  Technical 

Allegheny,  Pa,  Schools,  Pittsburg,  Pa 1907 

Conrad,  Lowell  Edwin...    Professor  of  Civil  Engineering, 

603  Houston  St.,  Kansas  State  Agricultural  College . .    1908 

Manhattan,  Kan. 

Constant,  i  rank  H Professor   of   Structural   Engineering, 

Minneapolis,  ilinn.  University  of  Minnesota 1896 

Cooley,  Mortimer  E Professor   of  Mechanical  Engineering 

Ann  Arbor,  Mich.  '     and  Dean   of  Departntent   of  Engi- 

neering, University  of  Michigan....'  1893 

CoBTHELL.  Elmer  L Civil  Engineer 1895 

149  Broadway,  |  I 

New  York,\.>r.  Y.         '<  < 

CovELL,  Grant  A Dean   of   School   of  Engineering   and 

Corvallis,  Ore.  i     Mechanic  Arts,  Oregon  Agricultural 

I     College 1908 
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MEMBERS. 


*Cox,  Nelson  H 

Gainesville,  Fla. 

Cbaigo,  Ralph  Thubman  . . 
301  Johnson  Ct., 
Madison,  Wis. 

Cbaxdall,  Charles  L 

Ithaca,  N.  Y. 

Cba>t:,  Habold  G 

Boston,  Mass. 

Creagmile,  Wm.  B 

Norwood,  Pa. 

Cbeightox,  William  H.  P. . 
1445  Henry  Clay  Ave., 
New  Orleans,  La. 

Cbenshaw,  Polling  H 

Auburn,  Ala. 

Cbisson.  George 

1033  Garden  St., 
Hoboken,  N.  J. 

Crouch,  Calvin  Henby.  . . , 
513  South  Sixth  St., 
Grand  Forks,  N.  D. 

CuBTis,  Norman  Philip  . . . 
1216  Spring  St., 
Madison,  Wis. 

Dalakeb,  Hans  H 

523  Walnut  St.,  S.  E., 
Minneapolis,  Minn. 

Dalburg,  Fbank  a 

Manila,  P.  I. 

Dalton,  B.  J 

1011  Indiana  St., 
Lawrence,  Kan. 

Daniels,  Leslie  Noel 

Granite  Quarry, 
Roan  Co.,  N.  C. 

Dates,  Henby  B 

Cleveland,  Ohio. 


Professor  of  Civil  Engineering, 
University  of  the  State  of  Florida . . 

Instructor  in  Mathematics, 
University  of  Wisconsin 

Professor  of  Railroad  Engineering, 
Cornell  University 

Instructor  in  Electrical  Engineering, 
Harvard  University 

Assistant  Professor  of  Experimental 
Electrical  Engineering,  Drexel  Insti- 
tute, Philadelphia   

Professor  of  Mecuanical  and  Sugar 
Engineering,  lulane  University 

Professor  of  Mathematics,  Alabama 
Polytechnic  Institute    

Instructor  in  Electrical  Engineering, 
Stevens  Institute  of  Technology..., 

Professor  of  Mechanical  Engineering 
and  Dean  of  College  of  Mechanical 
and  Electrical  Engineering,  The 
State  University  of  North  Dakota . . 

Instructor  in  Railway  Engineering, 
University  of  W^isconsin 

Assistant  Professor  of  Mathematics, 
University  of  Minnesota 

Surveyor,  Bureau  of  Lands 

Associate  Professor  of  Railway  Engi- 
neering, University  of  Kansas 

Granite  Inspector  for  Chicago  City 
Railway  Co 

Professor  of  Electrical  Engineering, 
Case  School  of  Applied  Science 
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Davis,  Elleby  W. 
Lincoln,  Neb. 


Dean  of  College  of  Arts  and  Science 
and  Head  Professor  of  Mathematics, 
University  of  Nebraska 


Davis.  James  Chbistopheb  j  Instructor  in  Mechanical  Drawing, 
27  Lovell  St.,  |     Worcester  Polytechnic  Institute.. 

Worcester,  Mass.         j 


Dean,  College  of  Applied  Science  and 
Engineering,  Marquette  University.. 

Chief,  Division  of  Trades  Schools, 
N.  Y.  State  Education  Department. . 

Professor  of  Mechanics, 
University  of  Missouri 


Davis,  John  Chables. 
178  14th  St., 
Milwaukee,  Wis. 

Dean,  Aethub  D 

Albany,  N.  Y. 

Defoe,  Ltjtheb  M 

Columbia,  Mo. 

Deimel,  Richabd  F '  Assistant  Professor  of  Mechanics, 

146  Berkeley  Place,        I     Stevens  Institute  of  Technology 

Brooklyn,  N.  Y. 

DeLat,  Frederic  A i  Professor    of    Electrical    Engineering, 

212  S.  College  Ave.,        !     State  Agricultural  College  of  Colo- 
Fort  Collins,  Colo.       !      rado    

Dexison,  Chables  S Professor   of   Stereotomy,   Mechanism 

Ann  Arbor,  Mich.                 and   Drawing,   University   of  Mich- 
igan     


Denton,  Frederick  W. 
Painesdale,  Mich. 

Denton,  James  E 

Hoboken,  N.  J. 


Debleth,  Chables,  Jb. 
Berkeley,  Cal. 


General  Manager  of  Mines,  Copper 
Range  Consolidated  Company 

Professor  of  Engineering  Practice, 
Stevens  Institute  of  Technology .... 

DePuy,  Clabence  E •  Professor  of  Machine  Design  and  Con- 

411  N.  Elmwood  Ave.,         struction,  Lewis  Institute,  Chicago.. 
Oak  Park,  111. 

Professor  of  Civil  Engineering,  and 
Dean  of  the  College  of  Civil  Engi- 
neering, University  of  California .... 


Dickinson,  Wm.  Elmobe  . . 
334  Park  St., 

Morgantown,  W.  Va. 

DiEMEB,  Hugo 

State  College,  Pa. 

DiBKS,  Henbt  B 

210  West  Park  St., 
Champaign,  111. 


Professor  of  Electrical  Engineering, 
West  V'irginia  University 


j  Professor    of   Industrial    Engineering, 
The  Pennsylvania  State  College 


Instructor  in  Mechanical  Engineering, 
University  of  Illinois 


1902 
1909 

1908 

1907 
1904 
1909 

1909 

1893 
1894 
1893 
1908 

1904 
1909 

1902 
19C8 
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DOHEBTY,    HeXRY   L 

60  Wall  St., 

Xew  York,  X.  Y. 

DooLET,  CHA:ea5^G  R 

90.3  Center  St., 
Wilkinsburg,  Pa. 

DOBSET.   .JOHX  W 

214  West  Lanvale  St., 
Baltimore,  Md. 

Do\rxTowx,  Chas.  Edwabd: 
7309  Alice  Ave., 
Swiasvale,  ir'a. 

DBArrz,  Walteb  H 

University,  iliss. 

DBnfKEB,  Hexbt  S 

South  Bethlehem,  Pa. 

DEO%r>-z.  He>"bt  B 

Bos  3,  East  Side  Sta., 
Providence,  R.  I. 

Du  Bois,  A.  .Jay 

New  Haven,  Conn. 

t  Dudley,  Chaeles  B 

P.  O.  Drawer  156, 
Altoona,  Pa. 

DcForB.  F.  0 

Urbana,  111. 

Dukes,  Richabd  G 

Lafayette,  Ind. 

*DrxcAX.  Louis 

56  Pine  St., 

New  York,  X.  Y. 

Du:? CA^,  MURBAY  il 

lahpeming,  Mich. 

DrTfKi^f,  William  Vas.  . . 
607  West  High  St., 
Urbana,  HI. 

Du^STOX.  E.  y 

710  N".  Carolina  Ave., 
Wa-shineton.  D.  C. 


Title. 


fa 
IS 


President,  Denver  Gas  and  Electric 
Company  1904 

Engineer,  Westinghouse  Electric  and 
Mig.  Co.,  and  President  of  Casino 
Technical  Night  School 1907 

Professor  of  Electrical  Engineering, 
Clarkson  Memorial  School  of  Tech- 
nology      1909 

Assistant     Superintendent,     Westing-  ; 
house    Electric    and    Manufacturing 
Company    1909 

Dean  of  the  Department  of  Engineer- 
ing and  Professor  of  Civil  Engineer- 
ing, University  of  ilississippi 1903 

President,  Lehigh  University 1905 

Instructor  in  Civil  Engineering,  \ 

Brown  University    1908 

Professor  of  Civil  Engineering, 
Yale  Universitv   , 


•    1894 

Chemist,  Pennsylvania  Railroad  Com- 
pany      1S94 

Assistant  Professor  of  Structural  En- 
gineering, University  of  Illinois ....    1906 

Professor  of  Applied  Mechanics, 
Purdue  Universitv , 


.    1907 
Consulting  Electrical  Engineer '1904 


Agent,  Cleveland  Cliffs  Iron  Co.,  and 
Member  Board  of  Control,  Michigan 
College  of  Mines 


1905 


Instructor  in  Mechanical  Engineering, 
Universitv  of  IDinois 1908 


Instructor  in  Mechanical  Engineering, 
Assistant  Professor  of  Civil  Engineer- 
ing, George  Washington  University.    1909 


t  Deceased. 
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DuBAND,  William  F 

Stanford  University,  Cal 

Eable.  Samuel  Chandler 
45  Sawyer  Ave., 

Tufts  College,  Mass. 

Easby,  William,  Je 

N.  Jackson  St., 
Media,  Pa. 

Ebaugh,  W.  Clabence 

208  Douglas  Ave., 
Salt  Lake  City,  Litah 

Eddy,  Heney  T 

Minneapolis,  Minn. 

•Eddy.  Hobace  T 

109  West  Third  St., 
Cincinnati,  Ohio. 

Edmaxds,  S.  Sumneb 

BrooKlyn,  N.  Y. 

Egbeet,  Heemas  V 

State  College,  Pa. 

Elliott,  James  W , 

41  South  Prospect  St., 
Burlington,  Vt. 

Emoby,  Fbedebick  L , 

Morgantown,  W.  Va. 

Endees,   Hexby  C 

New  York,  N.  Y, 

Endsley,  Locis  E 

815  North  9th  St., 
Lafayette,  Ind. 

Engee,  Melvin  L 

501  S.  Babcock  St., 
Urbana,  111, 

Exgleb,  Edmund  A 

Worcester,  Mass. 


Professor  of  Mechanical  Engineering, 
Leland  Stanford  Junior  University . . 

Professor  of  English  (in  the  Engineer- 
ing School ) ,  Tufts  College 

Professor  of  Municipal  Engineering, 
University  of  Pennsylvania,  Phila- 
delphia    

Professor  of  Chemistry, 
University  of  Utah 

Dean  of  the  Graduate  School  and 
Head  Professor  of  Mathematics  and 
^Mechanics,  College  of  Engineering, 
University  of  Minnesota 

Machinery  Sales  Company 


Head  of  Department  of  Applied  Elec- 
tricity,  Pratt   Institute 

Instructor  in  Mechanics  and  Ma- 
terials of  Construction,  The  Penn- 
sylvania State  College 

Assistant  Professor  of  Civil  Engineer- 
ing, University  of  Vermont 


Professor  of  Mechanics  and  Applied 
Mathematics,  West  Virginia  Univer- 
sity   


Assistant  Professor  of  Chemistry, 
Cooper  Union  for  the  Advancement 
of  Science   


Associate  Professor  of  Railway  Me- 
chanical Engineering,  Purdue  Uni- 
versity     


Associate  in  Municipal  and  Sanitary 
Engineering  and  Theoretical  and 
Applied  Mechanics,  University  of 
Illinois    


President    of    Worcester    Polytechnic 
Institute    


1899 


1909 


1908 


1908 


1893 
1903 


1903 

1907 
1908 

1894 
1908 
1907 

1907 
1897 
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EN::n8,  William  D 

Brooklyn,  N".  Y. 

E>-o,  Fbaxk  H 

222  Sixteenth  Ave., 
Columbus,  Ohio. 

ESTEELi:?fE,   J.   WaI-TEB 

145  Andrew  Place, 
West  Lafayette,  Ind. 

EsTT,  William 

South  Bethlehem,  Pa. 

EvAXS.  Fbedebick  H 

103  Avres  Ave., 
Peona,  111. 

EvAya,  He>-by  B 

Collese  Hall, 

Philadelphia,  Pa. 

EvAN'S,  Hekbebt  S 

Boulder,  Colo. 


Professor  of  Mechanical  Engineering, 
Polytechnic  Institute  of  Brooklyn.  .  . 

Professor   of   Municipal    Engineering, 
Ohio  State  University 

Associate  Professor  of  Electrical  En- 
gineering, Purdue  University 


Professor  of  Electrical  Engineering, 
Lehigh  Universitv   


Instructor  in  Manual  Arts, 
Bradlev  Polytechnic  Institute. 


Assistant    Professor    of   2vlathematics, 
Univerdtv   of   Pennsylvania 


Professor  of  Electrical  Engineering, 
University  of  Colorado 


EvA>"s.  Pebct  Xoetox. 
302  Waldron  St., 
Lafayette,  Ind. 

EwiXGEB,  M.  I 

804  Duff  St., 
Ames,  Iowa. 

Eybe,  Thomas  T 

501  Dodge  St., 
W.  Lafayette, 


Professor  of  Chemistry  and  Director 
of  Chemical  Laboratory,  Purdue 
University    

Assistant  Professor  of  Civil  Engineer- 
ing, Iowa  State  College 


Instructor  in  Applied  Mechanics. 
Purdue  L'niversitv 


Ind. 

Faig,  Johx  T 

3,  The  Delmoor,  Clifton, 
Cincinnati.  0. 

Fabxham,  Chables  S 

34.5  Winthrop  Ave., 
New  Haven,  Conn. 

FaBWELL,    ELilEB    S 

309  Broadway. 
New  York,'N.  Y. 

Febgcsox,  Olix  J 

244  Parkwood  Boulevard, 
Schenectady,  N.   Y. 

Febmieb,  Emile  J 

College  Station,  Texas. 


Professor  of  Mechanical  Engineering, 
University  of  Cincinnati 

Instructor  in -Civil  Engineering,  Shef- 
field Scientific  School  of  Yale  Uni- 
versity    

Consulting  Engineer 


Assistant  Professor  of  Electrical  En- 
gineering, Union  College 

Profes-sor  of  Mechanical  Engineering, 
Texas  Agricultural  and  Mechanical 
Colleee   


1907 
1907 

1903 

1898 

1907 

1908 

1905 

1908 
1909 

1909 

1899 


1908 
1895 


1908 


1903 
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Febnaid,  Robebt  H 

Cleveland,  Ohio. 

Fixe,  Hexby  Burchabd  . . . 
The  Dean's  House, 
Princeton,  N.  J. 

Fish,  Fred  A 

Ames,  Iowa. 

FiSHEB,  James,  Jb 

Houghton,  ^Mich. 

Flatheb,  John  J 

Minneapolis,  Minn. 

Fleming,  Viegil  R 

306  E.  Chalmers  St., 
Champaign,  111. 

Fletcheb,  Robebt  , 

Hanover,  N.  H. 

FocKE,  Theodobe  M , 

2057   Cornell  Road, 
Cleveland,  Ohio. 

Fogg,  Benjamix  G 

22  Toppan  St., 

Newburyport,  Mass. 

Fobd,  Abthur  H 

Iowa  City,  Iowa. 

Fobd,  Howabd  Cablton  . . . 
Ames,  Iowa. 

Foss,  Feed  E 

Pittsburg,  Pa. 

Foss,  Mabtin  M 

Short  Hills,  N.  J. 

FowLEB,  Steeling  DeWitt. 
Berwick,  Pa. 

Feankel,  Leon  Kaufman. 

320  Aylesford  Place, 

Lexington,  Ky. 

Fbankfobteb,  George  B 

Minneapolis,  Minn. 


Professor  of  Mechanical  Engineering, 
Case  School  of  Applied  Science 1899 

Professor  of  Mathematics,  Dean  of 
the  Faculty  and  Dean  of  the  Depart- 
ments of  Science,  Princeton  Univer- 
sity      1909 

Professor  of  Electrical  Engineering, 
Iowa  State  College 1905 

Professor  of  Mathematics  and  Physics, 
Michigan  College  of  Mines 1899 

Professor  of  Mechanical  Engineering, 
University  of  Minnesota 1893 

Instructor  in  Theoretical  and  Applied 
Mechanics,  University  of  Illinois.  .  .  .    1909 

Professor  of  Civil  Engineering,  Di- 
rector of  Thayer  School  of  Civil 
Engineering,  Dartmouth  College ....    1894 

Kerr  Professor  of  Mathematics, 
Case  School  of  Applied  Science 1907 


With  Aberthaw  Construction  Co., 
Concrete  Engineers  and  Contractors. 

Professor  of  Electrical  Engineering, 
State  University  of  Iowa 

Assistant  Professor  of  Irrigation  En- 
gineering and  Surveying,  Iowa  State 
College   

Professor  of  Civil  Engineering, 

•   Cooper  Union,  New  York  City 

Secretary  of  the  McGraw-Hill  Book 
Company   

Professor  of  Machine  Design, 
State  University  of  Kentucky 

Professor  of  Chemistry  and  Dean  of 
the  School  of  Chemistry,  University 
of  Minnesota 


1907 
1903 

1907 
1893 
1909 
1907 
1909 

1897 
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Fba^klix,  WnxiAM  S Professor  of  Physics, 

Bethlehem,  Pa.  Lehigh  University   1900 

Fbabt,  Hobabt  D Instructor     in     Engineering     Mathe- 

310S  Garfield  Ave.,  So.,  matics,  University  of  Minnesota. .  . .    1908 
^Minneapolis,  Minn. 

Fbeedmax,  William:  H Professor  of  Electrical  Engineering, 

100  South  Union  St.,  University   of   Vermont 1902 


Burlington,   Vt. 


Freemax,  Ebxest  Habbisox   Professor  of  Electrical  Ensineering. 

7026  :?outh  Park  Ave.,        Armour  Institute  of  Technology 1909 

Chicago,  111. 

Fbexch,  Abthtb  W Professor  of  Civil  Engineering, 

Worcester,  Mass.  Worcester  Polytechnic  Institute 1900 

Fbexch,  Thomas  E Professor  of  Ensineering  Drawing, 

Columbu3,  Ohio.  Ohio  State  University 1899 

Fbixk,  Fbed  G Professor  of  Railway  Engineering,         ' 

Eugene,  Ore.  i     University  of  Oregon 1902 

Fbost,  Albebt  E '  Acting  Dean  and  Professor  of  Mathe- 

4527  Winthrop  St.,  matics.  Western  University  of  Penn- 

Pittsburg,  Pa.  sylvania   ' 1908 

Fbost.  G.  Habwood Engineering  yews 1907 

220  Broadwav,  j  j 

New  York,'N.  Y. 

FrxLEB.  AxMox  H Professor    of    Civil    Engineering    and 

University  Station,  Dean  of  the  College  of  Engineering, 

Seattle,  Wash.  University  of  Washington 190] 

FuLLEB,  Chables  E Associate  Professor  of  Mechanical  En- 

WeUesley,  Mass.  gineering,    Massachusetts    Institute 

of  Technology  1907 

Fui^MAX.  Fbaxklix  DeR...    Professor  of  Mechanism  and  Machine 
700  Hudson  St..  Design,    Stevens    Institute   of   Tech- 

Hoboken,  X.  J.  nology 1907 

Galbbaith.  Johx Professor  of  Engineering  and  Dean  of 

Toronto,  Ontario.                  the  Faculty  of" Applied  Science,  Uni- 
versity of  Toronto 1893 

Gaxz.  Albebt  F Professor  of  Electrical  Engineering, 

Hoboken,  N.  J.  i     Stevens  Institute  of  Technology ....    1903 

Gasman-,  Habbt  0 Associate  Professor  of  Civil  Engineer- 

2042  Xorth  Mer.  St.,  ing,  Purdue   University 1907 

Indianapolis,  Ind. 
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Gabbison,  Wilbebt  a 

99  Van  Vranken  Ave., 
Schenectady,  N.  Y. 

Gavett,  Geobge  Ibving  . . . . 
5252  16th  Ave.,  N.  E. 

Gay,  Robebt  W 

229  West  Mulberry  St., 
Fort  Collins,  Colo. 

Gehbing,  Hebbeet  a 

168  N.  Allen  St., 
Albany,  N.  Y. 

*Geobge,  Nathan  R.,  Jb.  . . 
Boston,  Mass. 


^Gibbons.  Chables  B.  . 
632  Central  Bldg., 
Seattle,  Wash. 


Giesecke,  F.  E 

College  Station,  Texas. 

Gill,  ArxHOB  Hendbix  . . . . 
Box  312, 

State  College,  Pa. 

Gill,  James  H 

Urbana,  111. 

Gillespie,  Peteb  

63  Alexander  St., 
Toronto,  Ontario. 

Gillette,  Halbebt  P 

Park  Row  Building, 
New  York,  N.  Y. 

Gladson,  William  N 

Fayetteville,  Ark. 

Goetze,  Fbedebick  a 

New  York,  N.  Y. 

GooDENOtJGH,  Geobge  A 

Urbana,  111. 

Goss,  William  F.  M 

tFrbana,  111. 


Assistant   Professor   of   Engineering 
Mathematics,  Union  University 

Instructor  in  Mathematics, 
University   of   Washington 

Associate  Professor  of  Civil  Engineer- 
ing, Colorado  State  Agricultural 
College   

Assistant  Engineer,  Bureau  of  Hy- 
draulics, N.  Y.  State  Barge  Canal 
Office   

Assistant  Professor  of  Mathematics, 
Massachusetts  Institute  of  Tech- 
nology     


Professor   of  Architectural   Engineer- 
I      ing    and    Drawing,    Texas    Agricul- 


tural and  Mechanical  College 

Associate  Professor  of  Heat  Engineer- 
ing, The  Pennsylvania  State  College. 

Assistant  Professor  of  Machine  Con- 
struction, University  of  Illinois 

Lecturer  on  Applied  Mechanics, 
University  of  Toronto 


Managing 
tract  ing 


Editor,     Engineering-Con- 


Professor  of  Electrical  Engineering, 
University  of  Arkansas 

Dean  of  the  Schools  of  ^Mines,  Engi- 
neering and  Chemistry,  Columbia 
University  

Associate  Professor  of  Mechanical  En- 
gineering, University  of  Illinois.... 

Dean  of  the  College  of  Engineering 
and  Director,  Engineering  Experi- 
ment Station,  University  of  Illinois. 


1908 

1907 

1907 

1907 

1907 

1908 

1893 
1909 

1896 
1905 

1905 

1903 

1906 
1900 

1893 
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Gbai?t,  Elmeb  D — 
Houghton,  Mich. 


Assistant  Professor  of  Mathematics 
and  Physics,  Michigan  College  of 
Mines   


Gbeen,  Bebn'abd  R 

1738  N  St., 
Washington,  D.  C. 

Gbeen,  James  A 

Richfield,  Idaho. 

Gkeexe,  Abthxjb  M.,  Jb. 

Troy,  N.  Y. 
Gbegoby,  William  B.  . . 

630  Pine  St., 
New  Orleans,  La. 


Superintendent  of  Buildings  and 
Grounds,  Library  of  Congress . . 


Gboat,  Bexjamix  F.  . . 
Minneapolis,  Minn. 


Const.  Supt.  for  J.  G.  White  &  Co. 
on  Idaho  Irrigation  Co.  L'td  project. 

Professor  of  Mechanical  Engineering, 
Rensselaer  Polytechnic  Institute . . . . 

Professor  of  Experimental  Engineer- 
ing, The  Tulane  University  of  Louisi- 
ana; and  Irrigation  Engineer  U.  S. 
Department  of  Agriculture 

Professor  of  Mechanics  and  Mathe- 
matics, School  of  Mines,  University 
of  Minnesota 


Gboveb,  Nathan  C 

88  North  19tu  St., 
East  Orange,  N.  J, 

Gcntheb,  Chables  0 

Hoboken,  N.  J. 

Halsey,  Fbedebick  a 

505  Pearl  St., 
New  York,  N.  Y. 

Hamebschlag,  Abthtjb  a. 
Pittsburg,  Pa. 

Hammeb,  ;Milbt  Ray 

University  Extension 
Division, 

Madison,   Wis. 

Hakcock,  Edwabd  L 

Lafayette,  Ind. 

Habdixo,  C.  Fba>'cis 

Ill  Fowler  Ave., 
Lafayette,  Ind. 

Habixo,  Alexa>-deb 

New  York,  N.  Y. 

Habpeb,  Chas.  Hamxlto:n. 
1732  W.  Broadway, 
Baltimore,  Md. ' 


Construction  Department,  J.  G.  White 
&  Co.,  43  Exchange  Place,  New  Y'ork, 

N.  Y ; 


Professor  of  Mathematics, 
Stevens  Institute  of  Technology 

Editor-in-Chief,    American   Machinist, 
Hill  Publishing  Company 


Director,  Carnegie  Technical  Schools. . 

Instructor  in  Mechanical  Drawing, 
University  of  Wisconsin,  University 
Ex.  Div 


Assistant  Professor  of  Applied  Me- 
chanics, Worcester  Polytechnic  In- 
stitute     


Professor  of  Electrical  Engineering 
I  and  Director  Electrical  Laboratory, 
'     Purdue  University 

Professor  of  Bridge  and  Railway  En- 
I     gineering.  New  York  University .... 

I  Instructor  in  Drawing,  Michigan  Ag- 

!     ricultural  Colleore 7 1909 
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1903 
1897 

1908 

1908 
1907 
1909 

1908 

1895 
1902 

1900 

1905 
1895 

1904 
1907 

1894 


Eabbixgton,  Johx  Ltxe  . . . 

Orear-Leslie  BIdg., 
Kansas  City,  Mo. 

Harris,  Abeam  W 

Evanston  and  Chicago, 
111. 

Habtzb,  George  A 

Newark,  Del. 

HARTMAyy.  Francis  M 

New  York,  N.  Y. 

HASEaXL,    EUGEXE   E 

Ithaca,  N.  Y. 

Haskixs,  Charles  Xelson 

46  bouth  Main  St., 

Hanover,  X.  H. 

Hastings,  Hitdson  B 

69  Federal  St., 
Brunswick,  Me. 

Hatt,  William  K 

Lafayette,  Ind. 

•Havilaxd,  Edwix,  Jb 

4703  Brooklyn  Ave., 
Seattle,  Wash. 

Ha  WES,  Joseph  H 

40  Fairmount  St., 
Dorchester  v.enter, 
Mass. 

Hayford,  John  F 

Evanston,  111. 

Hatxes,  Arthur  E 

Minneapolis,  Minn, 

Hatward,  Harbison  W 

Boston,  Mass. 

Heck.  Robert  C.  H 

192  College  Ave., 

New  Brunswick,  N.  J. 

Hedrick,  Iba  G 

Kansas  City,  Mo. 


Consulting  Engineer,  Waddell  &  Har- 
rington   


President,   Northwestern  University . . 


President  of  Delaware  College. 


Professor  of  Physics,  Electrical  and 
Mechanical  Engineering,  Cooper  Union 
for  the  Advancement  of  Science 

Director,  College  of  Civil  Engineering, 
Cornell  University 


Assistant    Professor   of   Mathematics, 
Dartmouth  College 


Assistant  Professor  in  charge  of  Sur- 
veying and  Drawing,  Bowdoin  Col- 
lege   

Professor  of  Civil  Engineering  and 
Director,  Materials  Testing  Labora- 
tory,  Purdue  University 

University  of  Washington 


Teacher  of  Manual  Training  and  Me- 
chanical Drawing,  Dorchester  High 
School,  Boston   


Director,  College  of  Engineering, 
Northwestern  L'niversitv   


Professor  of  Engineering  Mathematics, 
University  of  Minnesota 

1  Assistant  Professor  of  Applied  Me- 
!  chanics,  Massachusetts  Institute  of 
[     Technology    

Professor  of  Mechanical  Engineering, 
Rutgers  College  

Consulting  Engineer, 
Keith  and  Perry  Building 
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Hexdbick.  Abcheb  Wilmot 
102  Otis  St., 
Walla  Walla,  Wash. 

HeKLEY,    WiLUAil   W 

Tucson,  Ariz. 

Hebget,  Albert  M 

453  Bovd  ^\e., 
Baton  Rouge,  La. 

ELiBBABD.  Angus  S 

203  Washington  St., 
Chicago,  111. 

HiBBABD,  H.  Wade 

Columbia,  Mo. 

HiGBEE,  Feed.  Goodson.... 
Iowa  City,  Iowa. 

HiGBiE.  Henry  Harold  .... 
1109  E.  University  Ave., 
Ann  Arbor,  Mich. 

*HiLL,  John  E 

Providence,  R.  I. 

Hitchcock,  EuBrBY  A 

Colujibus,  Ohio. 

HoAD,  WiLLiAii  Christian. 
Lawrence,  Kan. 

HoDGKiNS,  Howard  L 

1830  T  Street, 
Washington,  D.  C. 

Hoffman,  Arthur  H 

510  Clark  Ave., 
Ames,  Iowa. 

Hoffman,  James  D 

301  State  St., 

West  Lafayette,  Ind. 

Hofman,  Heinrich  0 

Boston,  Mass. 

HoLDEN,  Charles  A 

Hanover,  N.  H. 

HoLDEN,  Edwin  C 

Madison.  Wis. 


Dean  of  Whitman  College 1908 


Professor  of  Mechanic  Arts, 
University  of  Arizona .... 


1907 

Professor  of  Drawing  and  Mechanic 
Arts,  Louisiana  State  University...    1903 

2d  Vice-President  and  General  Man-  | 
ager,  Chicago  Telephone  Company ,.  ^  1907 

Professor  of  ilechanical  Engineering,  ; 
University  of   Missouri 1896 

Professor  and  Head  of  the  Depart- 
ment of  Descriptive  Geometry  and 
Drawing,  State  University  of  Iowa . .  \  1906 

Assistant  Professor  in  Electrical  En-  ! 
gineering.  University  of  ^Michigan ...    1908 

Professor  of  Civil  Engineering, 
Brown  University   1894 

Professor  of  Experimental  Engineer- 
ing, Ohio  State  University 1899 

Associate  Professor  of  Civil  Engineer- 
ing, University  of  Kansas 1907 

Dean  College  of  Engineering  and 
Mechanic  Arts,  George  Washington 
University  1908 

Assistant  Professor  of  Physics,  Iowa 
State  College  of  Agriculture  and 
Mechanic  Arts    1907 

Professor  of  Engineering  Design, 
Purdue  University    I  1907 

Professor  of  Metallurgy,  Massachu-  I 
setts  Institute  of  Technology 1894 

Professor  of  Civil  Engineering,  Thayer 
School  of  Civil  Engineering,  Dart- 
mouth College 1901 

Professor  of  Mining  Engineering,  I 

L'niversitv  of  Wisconsin '  1909 
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HoLLis,    Iba   N 

Cambridge,  Mass. 

Holmes,  Joseph  A 

Washington,  D.  C. 

Hood,  Ozni  P 

Houghton,  Mich. 

Hooper,  ELifEB  Guy 

5912  A  Bartmer  Ave., 
St.  Louis,  Mo. 

HooPEB,  William  L 

124  Professor's  Row, 
Tufts  College,  Mass 

HOBMELL,    Wm.    GaBFIELD. 
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712  S.  Thayer  St., 
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Head  of  Department  of  Applied  Me- 
chanics, Pratt  Institute 

Professor  of  Hydratdic  and  Sanitary 
Engineering,  University  of  Wiscon- 
sin   

Chairman,  State  Rivers  and  Water 
Supply  Commis-sion,  Treasury  Gar- 
dens     

Instructor  in  Machine  Design. 
The  Pennsylvania  State  College.... 


1897 
1908 

1908 

1901 
1909 


Professor  of  Mechanical  Engineering, 
Iowa  State  College 1903 

President,  Rose  Polvtechnic  Institute.    i894 

! 

'  Associate    of    the    Royal    Hungarian 

Ministry  of  Commerce 1909 

Chief  Engineer,  Dodge  Bros.,  Detroit . .    1908 


Assistant    Professor    of    Engineering 
Drawing,  Ohio  State  University....    1909 

Mail  to  Worcester  Polytechnic  Insti-  j 
tute,  Worcester,  Ma^s i  1895 


Professor  of  Mechanism  and  Secretary 
of  the  Faculty,  ilassaehusetts  Insti- 
tute of  Technology 

Director,  Utah  State  School  of  Mines, 
Professor  of  Pbysic-s  and  Electrical 
Engineering,  University  of  L'tah .... 

Consiiltin?  Engrineer 


1907 

1907 
1893 


Superintendent    of    tlie    Engineering 
Shops,  University  of  Michigan jc^oo 
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Ithaca,  N.  Y. 


Professor  of  Physics, 
Case  School  of  Applied  Science 

Professor  of  Civil  Engineering,  Clark- 
son  Memorial  School  of  Technology. 


Professor  of  Civil  Engineering, 
Alabama  Polytechnic  Institute. 

Consulting  Engineer 


1907 
1909 

1908 

1906 
1908 


Moore,  Herbert  F. 
Urbana,  111. 


Moore,  Lewis  E 

85  Washington  Park, 
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St.  Louis,  Mo. 
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292  East  16th  Ave., 
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New  York,  N.  Y, 


Professor  of  Topographic  and  Geodetic 
Engineering,  College  of  Civil  Engi- 
neering, Cornell  University 1907 

Assistant     Professor     of     Theoretical  j 
and   Applied  Mechanics,   University 
of  Illinois   1905 

Assistant  Professor  of  Civil  Engineer-  | 
ing,  Massachusetts  Institute  of  Tech-  j 
nology    !  1907 

Director,  Mechanic  Arts,  McKinley  • 
High  School    :  1902 

Associate  Professor  of  Civil  Engineer- 
ing, University  of  Washington 1901 


Instructor  in  Electrical  Engineering, 
Columbia  University 


Associate  Professor  of  Electrical  En- 
gineering, Armour  Institute  of  Tech- 
nology     

Civil  Engineer  


Professor  of  Structural  Engineering, 
Ohio  State  University 


Morse,  George  H 

632  North  25th  St., 
Lincoln,  Neb. 


Instructor.  Department  of  Civil  Engi- 
neering, Columbia  L^niversity 

Professor  of  Electrical  Engineering, 
University  of  Nebraska 


1908 

1907 
1896 

1907 

1907 
1907 
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MOYEE.    JaJJXS    AiCBBOSE... 

Ann  Arbor,  ilica. 


Mdhboe,  G^bge  E 
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partment of  Engineering,  Lewig  In- 
stitute       1907 


Professor  of  Civil  Engineering, 
Cameeie  Technical  Schools. .  . 


i9o: 


Assistant  Professor  of  Mechanical  En-  j 
gineering,   in   charge   of  Mechanical  ' 


Laboratories, 
ijaii    


University    of    Mich- 


:.-  r  ir.ion      Department,      General 
Zlec.ric  Co..  Schenectadv.  X.  Y 


1904 


1907 


Professor  of  Mining,  School  of  Mines, 
Columbia  University 1893 

Treasurer.  Munroe  Felt  and  Paper  Co.,  | 
Secretary  of  Corporation  of  Massa- 
chusetts Institute  of  Technologv. . . . 
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ical Engineering,  The  Pennsylvania 
State   College    

Pro:e5?or  of  Civil  Engineering,  Agri- 
cultural and  Mechanical  Collie  of 
Texas    

Professor  of  Civil  Engineering, 
Case  School  of  Applied  Science 

Manager  of  College  Department, 
The  MacmiUan  Co 


1904 
1907 

1897 
1895 
1909 


Professor  of  Physics,  Xew  Hampshire  i 
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Arts    1902 
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ing, University  of  Minnesota 1908 

Assistant  Professor  of  Civil  Engineer- 
ing, University  of  Kansas 1903 

Superintendent,  Virginia  Military  In-  " 
stitute    '. 1908 
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NuNN,  Patjl  N 
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500  North  12th  St., 
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Columbus,  Ohio. 
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5215  15th  Ave.,  N.  E., 
Seattle,  Wash. 

OSTBANDEB,    JOHN   E 

Amherst,  Mass. 


Instructor  in  Machine  Design  and  As- 
sistant to  Superintendent  of  Shops, 
University  of  Michigan 


Assistant  Professor  of  Mechanical 
Engineering,  Extension  Division, 
University  of  Wisconsin 


Head    Professor    of    Electrical    Engi- 
neering, Cornell  University 


Instructor  of  Machine  Design  and  De- 
scriptive Geometry,  Sheffield  Scien- 
tific School,  Yale  University 


Associate  Professor  of  Physics,  Massa- 
chusetts Institute  of  Technology . . . . 

Dean,  College  of  Mining  Engineering, 
State  University  of  Kentucky 


Professor    of    Theoretical    Chemistry, 
Mass.  Institute  of  Technology 

Instructor  in  Applied  Electricity, 
Pratt  Institute   


Chief  Engineer,  The  Telluride  Power 
Co.,  The  Ontario  Power  Co.,  and 
Consulting  Engineer   


Professor    of    Mining    and    Electrical 
Engineering,  N.  G.  A.  College 


Professor  of  Mechanical  Engineering, 
Washington  University    

Mechanical  Engineer   


Professor  of  Ceramic  Engineering  and 
Dean  of  the  College  of  Engineering, 
Ohio  State  University 

Professor  of  Physics, 
University  of  Washington 


1908 

1907 
1900 

1908 
1908 

1907 

1907 
1909 

1907 

1905 

1905 
1907 

1900 
1907 


Professor  of  Mathematics  and  Civil 
Engineering,  Massachusetts  Agricul- 
tural College ;  1894 
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203  West   103d  St., 
New  York,  N.  Y. 

Owens,  Robert  B 

Charlotte,  X.  C. 

Palmer,  Thomas  W 

Montevallo,  Ala. 

Palmer,  Walter  K 

718  Dwight  Building, 
Kansas  City,  Mo. 

Park,  Charles  F 

21  Prospect  St., 
Taunton,  Mass. 


Professor  of  Structural   Engineering, 
Stevens  Institute  of  Technology .... 


1907 


Southern  Power  Co.,  Charlotte,  N.  C. .  j  1894 

I 
President  of  the  Alabama  Girls'  In-  1 
dustrial  School j  1905 

The    W.    K.    Palmer    Co.,    Engineers, 
Kansas  City,  Mo 1899 


Pabkeb,  Lawrence  G 

107  E.  Green  St., 
Champaign,  111. 

Patterson,  Andrew  H 

Chapel  Hill,  X.  C. 
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Chicago,  111. 

Peck,  Myron  H 

c/o  Dr.  A.  P.  Peck, 
Tientsin,  North  China. 

•Pence,  William  D 

Madison,  Wis. 


Associate  Professor  of  Mechanical 
Engineering,  Massachusetts  Institute 
of  Technology;  Director  of  Lowell  1 
Institute  School  for  Industrial  Fore-  I 
men  '■  1903 

Associate   (in  Civil  Engineering),         I 
University  of  Illinois i  1907 

Professor  of  Physics,  i 

University  of  North  Carolina 1907 

Associate  Professor  of  Mechanics, 
Armour  Institute  of  Technology....    1907 

Professor  of  Civil  Engineering, 
Imperial  Pei  Yang  University 1909 


Pender,  Harold  . . 
Boston,  Mas?. 


Perry,  Charles  Frederick 
3416  Cedar  St., 
Milwaukee,  Wis. 
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Durham,  N.  H. 

Phelon,  Joseph  0 

27  Schussler  Road, 
Worcester,  Mass. 

Phetteplace,  Thtjbston  M. 
1G12  Broaa  St., 
Providence,  R.  I. 


Professor  of  Railway  Engineering, 
I     University  of  Wisconsin 1895 

I  Professor  of  Theoretical  and  Applied 
j  Electricity,  Massachusetts  Institute 
of  Technology 


Supervisor  of  Manual  and  Industrial 
Training,  Milwaukee  Public  Schools. 

Professor  of  Mathematics, 
New  Hampshire  College 


1909 


1907 


1898 


Professor  of  Electrical  Engineering, 
Worcester  Polytechnic  Institute 1902 


Assistant  Professor  of  Mechanical  En- 
gineering, Brown  University 1903 
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15  Adsit  Place, 
Burlington,  Vt. 

Plumb,  Hylon  T 

401  Russell  St., 
•Lafayette,  Ind. 

PoLSOx,  Joseph  A 

Box  166, 

East  Lansing,  Mich. 

Poole,  Cecil  P 

36  West  End  Road, 
South  Orange,  N.  J. 

*P00BMAN,    AlFBED    P 

1133  Pleasant  St., 
Boulder,  Colo. 

POBTEE,  DWIGHT 

Boston,  Mass. 

PoBTEB,  J.  Madison 

Easton,  Pa. 

PoETEB,  John  B 

Montreal,  Quebec. 

PoBTEB,  Royal  A 

112  Livingston  Ave., 
Syracuse,  N.  Y. 

Potter,  Andrey  A 

Kansas   State  Agricul 
tural  College, 
Manhattan,  Kan. 

•Powell,  Emery  H 

1538  Madison  Ave., 
Scranton,  Pa. 

Pratt,  Charles  ;m 

Brooklyn,  N.  Y. 

Pratt,  Frank  Randall.  . 
Box  469, 

New  Brunswick,  N.  J, 

Pratt,  Fbedebic  B 

Brooklyn,  N.  Y. 


Professor  of  Drawing, 
University  of  Wisconsin 

Assistant  Professor  of  Railroad  Engi- 
neering and  Mechanics,  University 
of  Vermont  

Associate  Professor  of  Electrical  En- 
gineering, Purdue  University 

Assistant  Professor  in  Mechanical 
Engineering,  Michigan  Agricultural 
College   

Editor,  Power  and  the  Engineer 

Instructor  in  Civil  Engineering, 
University  of  Colorado 

Professor  of  Hydraulic  Engineering, 
Massachusetts  Institute  of  Tech- 
nology     

Professor  of  Civil  Engineering, 
Lafayette  College 

Professor  of  Mining  Engineering, 
McGill  University   

Associate  Professor  of  Physics, 
Syracuse  University 

Professor  of  Steam  and  Gas  Engi- 
neering, Kansas  State  Agricultural 
College   

Engineering  Textbook  Writer,  Inter- 
national Correspondence  Schools.... 

President,  Board  of  Trustees,  Pratt 
Institute 


Instructor  in  Physics,  Rutgers  College. 


Secretary,  Pratt  Institute. 


1899 


1906 
1907 


1907 
1907 


1907 

1893 
1893 
1904 
1908 

1908 

1903 

1907 
1909 

1907 
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Pratt,  Geobge  D ;  Treasurer,  Pratt  Institute 1909 

245   Clinton  Are., 
Brooklyn,  X.  Y. 

Pbatt.  jAiTES  Alfbed Director,   Williamson  Free   School   of 

Williamson   School,         ,     Mechanical  Trades ^  1908 

Delaware  Co.,  Pa.  j 

Pbice,  Fba>'K  O Instructor  in   Strength  of  Materials,  ' 

Brooklyn,  X.  Y.  Pratt  Institute  1909 

"Pbice.  ^Melvi:!?   j 

Lafayette,  Ind.  |  ■  1900 

Petob.  Fbedebick  L Professor  of  Experimental   Engineer- 

421  4tL  Ave.,  ing,  Stevens  Institute  of  Technology.    1908 

Newark,  X.  J. 

Puixe:?,  Mtbick  W Instructor  in   Electrical  Engineering, 

Iowa  State  College,  Iowa    State    College   of   Agriculture 

Ames,  Iowa.  ,     and  Mechanic  Arts 1909 

•PuPLN-,  Michael  I Professor  of  Electromechanics, 

-New  Y'ork,  X.  Y.  Columbia  University    [  1895 

PuBTEAB,  Chaeles Dean  and  Professor  of  Mathematics,  { 

College  Station,  Tex.           Aericultural    and    Mechanical    Col- 
lege of  Texas 1901 

QcEBBACH.  Eabl Instructor  in  Bridge  Engineering, 

717   Missouri   Ave.,  University   of   Missouri 1909 

Columbia.  Mo. 

•Radtke,   Albebt  a Professor  of  Electrical  Engineering, 

244  47th  St.,  Armour  Institute  of  Technology. ...    1907 

Chicago,  111.  '  \ 

EAifDAu:,  Otis  E Professor  of  Mechanics  and  Mechan- 

Providence,  R.  I.  ical  Drawing,  Brown  University. .  . .    1903 

Raxix)lph,  Li>-ga>-  S Professor  of  Mechanical  Engineering, 

Blacksburg,  Va.  Virginia  Polytechnic  Institute '  1904 

Raxsom,  James  H Professor  of  General  Chemistry, 

323  University  St.,  Purdue  University '. 1904 

West  Lafayette,  Ind.  , 

RArTExsTBAUCH,  Walteb  ..    Professor  of  Mechanical  Engineering, 

New  Y''ork,  X.  Y.  Columbia  University 1907 

Ray.  Fbaxkli:n-  A Professor  of  Mine  Engineering, 

6  Deshler  Block.  Ohio  State  University. 

Columbus,  Ohio. 
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Raymond,  Howabd  M,. 
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Raymond,  William  G. 
Iowa  City,  Iowa. 


Dean  of  Engineering  Studies  and  Pro- 
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and  Professor  of  Civil  Engineering, 
State  University  of  Iowa 


Rebeb,  Louis  E 

Madison,  Wis. 

Reid,  Clabexce  E 

P.  O.  Agricultural  Col-  j 
lege,  Miss. 

Rice,  Hebbert  A 

1233  Massachusetts  St., 
Lawrence,  Kan. 


Director,  University  Extension, 
University  of  Wisconsin 1893 


1904 


1893 


Professor  of  Physics  and  Electrical  i 
Engineering,  Mississippi  Agricul-  1 
tural  and  Mechanical  College 1907 

Associate  Professor  of  Civil  Engineer- 
ing, University  of  Kansas 


Richards,  Charles  Russ. 
Lincoln,  Neb. 

Richards,  Chas.  Russell 
New  York,  N.  Y. 

Richard,  Dean  W 

Sampsel,  Okla. 

Richards,  Robert  H 

Boston,  Mass. 

RiCHEY,  Albert  S 

9  Regent  St., 
Worcester,  Mass. 

RiCHTER,  Arthur  W 

Missoula,  Montana. 

RiCKER,  N.   Clifford 

Urbana,  111. 

RiESEXBEBGER,  AdAM , 

546  Union  Place, 
Weehawken,  N.  J. 

RiQos,  Norman  C 

Pittsburg,  Pa. 

RiGOS,  Walter  M , 

Clemson  College,  S.  C. 


Dean  of  the  College  of  Engineering 
and  Professor  of  Mechanical  Engi- 
neering, The  University  of  Nebraska . 

Director,   Cooper  Union 


1907 

1895 

1904 

1909 

Professor  of  Mining  Engineering  and 
Metallurgy,  Massachusetts  Institute 
of  Technology  I  1895 

Professor  of  Electric  Railway  Engi- 
neering, Worcester  Polytechnic  In- 
stitute   


1907 


Professor  of  Engineering,  in  charge  of  j 
School  of  Engineering,  University  ! 
of  Montana  j  1894 

Professor  of  Architecture,  University 
of  Illinois;  President,  Illinois  Board  I 
of  Examiners  of  Architects |  1894 

Registrar  and  Treasurer,  i 

Stevens  Institute  of  Technology ,  1994 

! 

Assistant  Professor  of  Mathematics,  I 
Carnegie  Technical  Schools 1  1907 

Professor  of  Electrical  Engineering,  ; 
and  Director  of  the  Department  of  i 
Engineering,  Clemson  (A.  and  M.)  1 
College  of  csouth  Carolina |  1897 
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Harerf ord  CWl^e 

Profe^or  of  Topographical  Engineer- 
ing, Massachusetts  Institute  of 
Technology    

Consulting  Engineer 

Professor  of  Mechanical  Engineering, 
University  of  Vermont 

Professor  of  CiTil  Engineering, 
Ddawaie  College 


Mechanical  Engineer  a::  I  Expert, 
Emeritus  Professor  of  Mechanical 
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Professor    of    Electrical 
Universitv  of  Toronto. 
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Instructor  in  Civil  Engineering, 
The  James  Millikin  University. 


Director,  Franklin  Union. 


Professor  of  Electrical  Engineering, 
Leland  Stanford  Junior  University . . 

Professor  of  Naval  Architecture  and 
Marine  Engineering,  University  of 
Michigan   

Professor,  Industrial  Arts  Depart- 
ment, Ohio  State  University 

Professor  of  Mechanical  Engineering, 
Thomas  S.  Clarkson  Memorial  School 
of  Technology  

Professor  of  Mechanical  Engineering, 
North  Carolina  College  of  Agricul- 
ture and  Mechanic  Arts 

Professor  of  Physics  and  Electrical 
Engineering,  Michigan  Agricultural 
College   

Assistant  Professor  Mechanical  Engi- 
neering, New  Mexico  College  of 
Agriculture  and  Mechanic  Arts 

Associate  Professor  of  Railway  Engi- 
neering, University  of  Illinois 


1909 
1903 

1901 

1907 
1899 

1909 

1909 

1907 

1908 
1907 


Professor  of  Civil  Engineering  and 
Dean  of  the  College  of  Engineering, 
University  of  Cincinnati |  1903 

Dean  of  the  Engineering  Department, 
Professor  of  Civil  Engineering,  Van- 
derbilt  University   

Professor  of  Electrical  Engineering, 
University  of  Texas;  Consulting 
Engineer    |  1903 

Consulting  Engineer,  Westinghouse 
Electric  and  Manufacturing  Com- 
pany   

Professor  of  Mechanical  Engineering, 
Nevada  State  University 1906 


1895 


1904 


Xlvi  MEMBERS. 


Sedgwics,  William 
Boston.  Mass. 


Seabs,  Thomas  B '  Associate  Professor  of  Railway  Engi- 

Civil  Engineering  Bldg.,       neering,  University  of  California. ..    1908 
Berkeley,   Cal. 

Seaveb,  Hexky  L Assistant  Professor  of  English,  Massa-  i 

491  Boylston  St.,  chusetts  Institute  of  Technology 1896 

Boston,  Mass.  |  -  ^•.  | 

Professor    of   Biology,    Massachusetts  | 
Institute  of  Technology 1896 

Seeby,  Francis  J Assistant  Professor  of  Civil  Engineer- 

25  Willard  Ave.,  j     ing.    College    of    Civil    Engineering, 

University  Place,  Cornell  University 1908 

Ithaca,'  N.  Y.  j  j 

Sever,  George  F Professor  of  Electrical  Engineering,     ! 

New  York,  N.  Y.  Columbia  University 1903 

Sexton,  Frederic  H '  President.  Nova  Scotia  Technical  Col- 
Halifax,  Nova  Scotia.  lege,  and  Director  of  Technical  Edu- 

I     cation  1908 

Settist,  Stanley  S Assistant  Professor  in  Electrical  En- 

456  Chestnut  St.,  .     gineering,  Lehigh  Universitv ,  1908 

So.  Bethlehem,  Pa.      i 

Shaad,  George  C !  Professor    of    Electrical    Engineering,  l 

1622  New  Hampshire  St.,      University  of  Kansas !  1907 

Lawrence,  Kan.  j  '  ! 

Shan-e,  Adolph Associate  Professor  of  Electrical  En-  I 

Ames,  Iowa.  :     gineering,  Iowa  State  College 1907 

Shattuck,   Harold  Bemis.    Associate  Professor  of  Civil  Engineer- 
State  College,  Pa.  ;     ing,  The  Pennsylvania  State  College.    1906 

Shaw,  Howard  B Dean     of      School     of     Engineering, 

511  Rollins  Road,  Director  of  Engineering,  Experiment 

Columbia,  Mo.  Station,  University  of  Missouri ;  1907 

Shaw,  James  Btrnie ,  Professor  in  Mathematics,  | 

1258  W.  Macon  St.,        ,     James  Millikin  University I  1909 

Decatur,  111.  j  I 

Shealy,  Edward  M Instructor   in   Steam   and   Gas   Engi-  ! 

2134  West  Lawn  Ave.,  I     neering.  University  of  Wisconsin. ...    1909 
Madison,  Wis.  I 

Sheldon,  Samuel   |  Professor    of    Physics    and   Electrical 

Brooklyn,  N.  Y.  Engineering,    Polytechnic    Institute 

of  Brooklyn 1903 

Shenehon,  Francis  C j  Dean.  College  of  Engineering, 

323   11th  Ave.,  S.  E.,      |     University  of  Minnesota 1909 

Minneapolis,  Minn.      \ 
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Shepabdson,  Geobge  D 

Minneapolis,  Minn. 

•Shebmax,  Chbistopheb  E, 
230  West  10th  Ave., 
Columbus,  Ohio. 

Shipley,  Sylvanus  Cabl.  . 
113  State  St.,  S.  E., 
Minneapolis,  Minn. 

Shoop,  Chables  Fbankun 
Minneapolis,  Minn. 

Shobt,  Robebt  L 

Cleveland,  Ohio. 

Shoudy,  Wy.iXAM  A 

520  Hudson  St., 
Hoboken,  N.  J. 

Shitsteb,  Joh:?  W 

235  West  Oilman  St., 
Madison,  Wis. 

Slichteb,  Chables  S 

Madison,  Wis. 

Slippy,  Ralph  B 

102  South  Romine  St., 
Urbana,  111. 

SLOCtrii,  Roy  H 

Agricultural  College, 
N.  D. 

SLOcrif ,  Stephen  E 

Cincinnati,  Ohio. 

Smabt,  Geobge 

Browning  Building, 
Cleveland,  Ohio. 

Smith,  Albebt  W 

1971  E.  79th  St., 
Cleveland,  Ohio. 

Smith,  Alton  L 

Worcester,  Mass. 

Smith,  Anson  W 

Brooklyn,  N.  Y. 


Professor  of  Electrical  Engineering,     | 
University  of  Minnesota 1895 

Professor  of  Civil  Engineering, 
Ohio  State  University 


1907 


Assistant     Professor     in     Mechanical 
ngineering,  University  of  Minnesota .  '  1908 

I 
Instructor  in  Experimental  Engineer-  i 

ing,  University  of  Minnesota i  1906 

Mathematics    Department,    Technical  J 
High  School ;  1902 

Assistant   Professor   of   Experimental 
Engineering,     Stevens    Institute    of    1907 
Technology 

Assistant  Professor  of  Electrical  En- 
gineering, University  of  Wisconsin . . 


Professor  of  Applied  Mathematics, 
University  of  Wisconsin;  Consult- 
ing Engineer,  U.  S.  Reclamation 
Service  


Instructor  in  Civil  Engineering, 
University  of  Illinois 


1907 


1906 


1907 


Professor  of  Civil  Engineering,  North 
Dakota  Agricultural  College '  1903 


Professor  of  Applied  Mathematics, 
University  of  Cincinnati 

Editor,  Iron  Trade  Review 


1906 
1907 


Professor  of  Metallurgy,  Case  School  [ 
of  Applied  Science 1904 


Professor  of  Drawing  and  Machine 
Design,  Worcester  Polytechnic  Insti- 
tute     


1902 


Instructor  in  Mechanical  Drawing, 
Pratt  Institute 1907 
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Smith.  Abthtb  Geobge  . 
West  Side. 
Iowa  City,  la. 

Smith,   Eabl   B 

Philadelphia,  Pa. 

Smith,  Habold  B 

Worcester,  Mass. 

Smith.  Habbt  E 

1346  West  Wood  St. 
Decatur,  111. 

Smith.  Hebbebt  S.  S.  . . . 
Princeton,  N.  J. 

Smith,   Leoxard   S 

939  University  Ave., 
Madison,  Wis. 

Smith,  Lloyd  B 

Pittsburg,  Pa. 

Smith.  Fi:BCY  F 

330  Willow  St., 
New  Haven,  Conn. 

Smtll,  Thomas  J.,  Jb.  . . 
Ada,  Ohio. 

Smtth,  Hexbt  L 

9  Buckingham  St., 
Cambridge,  Mass. 

Sxow,  Chables  H 

New  York,  X.  Y. 

S>'ow.    Walteb   B 

29  Russell  Ave., 
Watertown,  Mass. 

SOLBEBG,    HaLVOB    C 

Brookings,   S.  D. 

*SoxGE,  Adolph 

Langley  Ave., 

St.  Joseph,  Mich. 

Spaldixg.  Fbedebick  P.. 
Columbia,  Mo. 


Head  of  Department  of  Theoretical 
Mechanics,  State  University  of  Iowa.    1909 

Assistant  Professor  of  Experimental 
Mechanical  Engineering,  Drexel  In- 
stitute        1906 

Professor  of  Electrical  Engineering, 
Worcester  Polytechnic  Institute....    1898 

Professor  of  Mechanical  Engineering, 
James  Millikin  University 1895 


Professor  of  Civil  Engineering, 
Princeton  Universitv 


1894 


Associate  Professor  of  Topographic 
and  Geodetic  Engineering,  Univer- 
sity of  Wisconsin 1903 

Instructor  in  Geology.  School  of  Ap- 
plied Science,  Carnegie  Technical 
School  1909 

Professor  of  Mathematics,  Sheffield 
Scientific  School,  Yale  University...    1908 

Dean  of  the  College  of  Engineering 
and  Professor  of  Civil  Engineering, 
Ohio  Northern  University 1907 

Professor  of  [Mining  and  Metallurgy, 
Harvard  University 1907 

Dean  of  School  of  Applied  Science, 
and  Professor  of  Civil  Engineering, 
New  York  University 1895 

Publicity  Engineer,   170  Summer  St.,  ' 
Boston,  Mass 1S99 

Professor  of  Mechanical  Engineering, 
South  Dakota  State  College  of  Agri- 
culture and  Mechanic  Arts 1894 

Mechanical  Engineer,  Chicago,  111 ,  igoT 

Professor  of  Civil  Engineering,  Uni- 
versity of  Missouri 1893 
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Spangleb,  Hexbt  W.  . , 
Philadelphia,   Pa. 

Spabks,  Edwin  Eble  . , 
State  College,  Pa. 

Spebb,  Fbedebick  W.  . . 
Houghton,  !Mich. 

Spinney,  Louis  B 

Ames,  Iowa. 

Spoffobd,  Chables  M.  , 
Boston,  Mass. 


Spbingeb,  Fbank  W 

University  of  Minnesota, 
Minneapolis,  Minn. 

Stanfobd,  J.  Vebne 

Univ.  of  Pennsylvania, 
Philadelphia,  Pa. 

*Stanwood,  James  B 

Cincinnati,  Ohio. 


Professor  of  Mechanical  Engineering, 
University  of  Pennsylvania 

President,     The     Pennsylvania    State 
College   


Professor  of  Civil  and  Mining  Engi- 
neering, Michigan  College  of  Mines. . 

Professor  of  Physics  and  Illuminating 
Engineering,  Iowa  State  College . . . . 

Hayward  Professor  of  Civil  Engineer- 
ing. Massachusetts  Institute  of 
Technology 

Professor  of  Electrical  Engineering, 
University  of  Minnesota 


Steel,  Alvin  A 

Fayetteville,  Ark. 

Stevens,  Edward  F 

Brooklyn,  N.  Y. 

Stewabt,  Chables  E 

90  Bromfield  Road, 
Tufts  College,  Mass. 

Stewabt.  John  L 

678  Ostrum  St., 
So.  Bethlehem,  Pa. 

Stewabt,  Louis  B 

Torontj,  Ontario. 

Stewabt,  0.  M 

807  Virginia  Ave., 
Columbia,  Mo. 

Stoek,  Habby  H 

Urbana,  111. 

Stone,  Chables  A 

147  Milk  St., 
Boston,  Mass. 


1895 
1908 
1896 
1899 

1904 
1896 

1907 

Vice-President    and    Engineer,    HoTia- 
ton,  Stanwood  &  Gamble  Company . .    1894 

Professor    of    Mining,    University    of 
Arkansas   ,  1905 

Head  of  Applied  Science  Reference  ' 
Department,  Pratt  Institute  Free  , 
Library    '  1908 

Assistant    Professcr    Mechanic    Arts, 
Tufts  College 


Assistant  Professor  of  Mechanical 
Engineering,  University  of  Pennsyl- 
vania     


Professor  of  Economics  and  History, 
Lehigh  University   


Professor  of  Surveying  and  Geodesy, 
Faculty  of  Applied  Science  and  En- 
gineering, Toronto  University 

Professor  of  Physics, 
University  of  Missouri 

Professor  of  Mining  Engineering, 
University  of  Illinois 

Member  of  the  Firm  of  Stone  and 
Webster,  Consulting  Engineers 


1908 
1908 

1897 
1909 

1907 
1907 
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Stone,  Dox  0 

607  Houston  St., 
Manhattan,  Kan. 

Assistant  in  CiTil  Engineering, 
Kansas  State  Agriciiltural  College . . 

1909 

Stot.  E.   At.rebt 

Fredericton,  X.  B. 

Dean  of  Engineering  School  and  Pro- 
fessor of  Civil  Engineering,  Univer- 
sity of  Xew  Brunswick 

1907 

SxoBii.  Edvtix  R 

160  Fifth  Ave., 
Xew  York,  X.  Y. 

Architect 

1908 

Srorr.  Oscab  V.  P 

Lincoln,  Xeb. 

Head  Professor  of  Civil  Engineering, 
University  of  Xebraska 

1894 

Stbobel,  Chables  Lons . . . 
1744  Monadnock  Block, 
Chicago,  111. 

Consulting  Engineer 

1909 

Stboxg,  Fbaxk 

Lawrence,  Kan. 

Chancellor,  L'niversity  of  Kansas 

1907 

Stxtbbs,  Joseph  E 

Reno,  Xer. 

President,  L'niversity  of  Xevada 

1897 

Stexsex.  Cabl  L '. 

46  Hillsdale  Road. 
Tufts  College,  Mass. 

Instructor  in  Mechanical  Engineering, 
Tufts  College   

1909 

SWATN,  GeOBGE  F 

Cambridge,  Mass. 

Professor  of  Civil  Engineering,  Gradu- 
ate School  of  Applied  Science.  Har- 
vard University   

1893 

SwETT,  Geobge  W 

17  Gray  St., 

Instructor  in  Mechanical  Engineering, 
Massachusetts  Institute  of  Technol- 

ncrv                                  

1907 
190'> 

Swift,  Walteb   

Sheffield,  England. 

Secretary,     Department     of     Applied 
Science.  L'niversitr  of  Sheffield 

Talbot,  Abthcb  X 

Urbana,  111. 

Professor  of  Municipal  and  Sanitary 
Engineering,  and  in  Charge  of  The- 
oretical and  Applied  Mechanics,  Uni- 
versity of  Illinois 

1893 

Tat.bot.  Hexby  P 

Boston,  Mass. 

Professor  of  Inorganic  and  Analytical 
Chemistry,    Massacnusetts    Institute 
of  Technolo^T     

1903 
1907 

Ta:^ xatt,  Ebex  Tappa:?  . . . 
516  Empire  State  Bldg., 
Spokane,  Wash. 

Civil  and  Consulting  Engineer 

Tatlob.  Sam:x:t;l  Xewtox  . . 
3422   Evans  Place 
(Clifton), 
Cincinnati,  Ohio. 

Professor    in    Electrical    Engineering, 
University  of  Cincinnati 

1908 
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Taylob,  Thomas  U 

Austin,  Tex. 

Telleen,  J.  AIabtiji 

Cleveland,  Ohio. 

Thach,  Chaeles  C 

Auburn,  Ala. 

That.f.r,  Joseph  A 

Bozeman,  Mont. 

Thomas,  Albebt  L 

Auburn,  Ala. 

Thomas,  Cabl  C 

633  X.  Francis  St., 
Madison,  Wis. 

Thomas.  Charles  Fbank. 
14S6  E.  118th  St., 
Cleveland,  Ohio. 

Thomas,  Chables  W 

New  York,  N.  Y. 

Thomas.  Evax  

52  North  Prospect  St., 
Burlington,  Vt. 

Thomas,  Robert  G 

Charleston,  S.  C. 

Thompson,  G.  Saxtox 

689  Second  Ave., 
Troy,  N.  Y. 

Thompson,  F.  F 

91  Bayard  St.. 

New  Brunswick,  N.  J, 

Thorkelsox,  Halsten  J.. 
152G  West  Washington- 
Madison,  Wis. 

Thobnbubq,  Charles  L.  . . 
South  Bethlehem,  Pa. 

Thorpe,  John  C 

407  East  Main  St., 
Urbana,  111. 


Professor  of  Civil  Engineering, 
University  of  Texas 

Assistant  Professor  of  English, 
Case  School  of  Applied  Science 

President,  Alabama  Polytechnic  Insti- 
tute   

Professor  of  Electrical  Engineering, 
Montana  College  of  Agriculture  and 
Mechanic  Arts    

Instructor  in  Machine  Work  and  Me- 
chanical Drawing,  Alabama  Poly- 
technic Institute 

Professor  of  Steam  and  Gas  Engineer- 
ing, University  of  Wisconsin 

Instructor  in  Mathematics,  Case 
School  of  Applied  Science 

Mechanical  Department, 
Columbia  University 

Assistant  Professor  of  Mathematics, 
Engineering  Department,  University 
of  Vermont   

Professor  of  Mathematics  and  Engi- 
neering, South  Carolina  Military 
Academy   

Assistant  in  Department  of  Mechanics, 
Rensselaer  Polytechnic  Institute . . . . 

Professor  of  Electrical  Engineering, 
Rutgers  College   

Associate  Professor  of  Steam  Engi- 
neering, College  of  Engineering, 
University  of  Wisconsin 

Professor  of  Mathematics  and  Astron- 
omy, Lehigh  University 

Assistant  Professor  of  Steam  Engi- 
neering, University  of  Illinois 


1902 
1908 
1905 

1901 

1907 
1908 

1909 

1904 

1908 

1894 

1907 

1909 

1909 
189-1 
1907 
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TiBBETS,    FbEDEBICK    H 

University  of  California, 
Berkeley,   Cal. 

Assistant  Professfor  of  Civil  Engineer- 
ing, University  of  California 

1908 

Timbie,  William:  H 

Brooklyn,  N".  Y. 

Instructor  in  Physics, 
Pratt  Institute 

1908 

TrrswoBTH,  Alfred  A 

590  George  St., 

New  Brunswick,  N.  J. 

Professor  of  Ci-vil  Engineering, 
Rutgers  College   

1896 

ToucEDA,   Enbique  a 

B"waT  cor.  Thatcher  St., 
Albany,  N.  Y. 

Professor    of    Metallurgy,    Rensselaer 
Polytechnic  Institute,  Iroy,  N.  Y.. . . 

1907 

TowLE,  William  Mason  . . . 
27  Main  St., 
Potsdam,  N.  Y. 

Superintendent  of  Shops, 
Clarkson  School  of  lechnology 

1895 

Tow>-SE>rD,  Edgab  J 

510  John  St., 
Champaign,  111. 

Professor  of  Mathematics,  Dean  of  the 
College  of  Science,  University  of  Illi- 
nois   

1906 

Tbacy,  .Johx  C 

345  Winthrop  Ave., 
New  Haven,  Conn. 

Assistant  Professor  of  Structural  En- 
gineering, Sheffield  Scientific  School, 
Yale  University  

1907 

TrilSK,  Bibn-ey  E 

Burgh  Street, 
Granville,  Ohio. 

Professor  of  Civil  Engineering, 
Denison  University   

1907 

TUBXEAUBE,    FbEDEBICK   E  .  . 

Madison,  Wis. 

Dean  of  the   College   of  Engineering, 
University  of  Wisconsin 

1894 

Ttbxeb  Da>-tel  L 

220  West  107th  St., 
New  York,  N.  Y. 

General  Inspector  of  Stations,  Public 
Service    Commission    for    the    First 
District,  New  York  City 

1898 

Tcb>t:b,  William  P 

Lafayette,  Ind. 

Professor  of  Practical  Mechanics, 
Purdue  University 

1900 

Tubbill,  Shebmax  M 

Structural  Engineer 

1903 

1924  Waveland  Ave., 
Chicago,  111. 

Tyleb,  Habby  W 

491  Boylston  St., 
Boston,  Mass. 

Professor  of  Mathematics,  Massachu- 
setts Institute  of  Technology 

1894 

Ulbbicht.  T.  Cablile 

Brooklyn,  N.  Y. 
Van  Hise,  Chables  R 

Madison,  Wis. 

Assistant    Instructor,    Department    of 

Applied  Mechanics,  Pratt  Institute.  . 

President,  University  of  Wisconsin . . . 

1909 
1904 

Van  Ness.  L.  G 

48  North  Second  St., 
Memphis,  Tenn. 

Secretary,  Merchants'  Power  Co 

1907 
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Van  Obnum,  John  L 

St.  Louis,  Mo. 

Van  Zandt,  J.  Godspeed 
729  Harvard  Boulevard, 
Los  Angeles,  Cal. 

*Vedder,  Herman  K 

East  Lansing,  Mich. 

VON  VOIGTLANDEK,  OSCAB  F. 
317i  Seward  Place, 
Schenectady,  N.  Y. 

VosE,  Fred  Hale 

10521  Lee  Ave., 
Cleveland,  Ohio. 

*V0SSKUEIILER,    JOSEPH    H. . 

Madison,  Wis. 

\'OTEY,  J.  William 

Burlington,  Vt. 

Waddell,  J.  a.  L 

Orear-Leslie  Building, 
Kansas  City,  Mo. 

Wadswobth,  Joel  E 

22  Morsemere  Place, 
Yonkers,  N.  Y. 

Wadswobth,  M.  Edwabd  . . . 
Pittsburg,  Pa. 

Wait,  John  Cassan 

Jesup  Ave.  &  172d  St., 
The  Bronx, 

New  York,  N.  Y. 

Waldo,  Clarence  A 

St.  Louis,  Mo. 

Walkeb,  Elton  D 

State  College,  Pa. 

Walkeb,  P.  F 

1301  Ohio  St., 
Lawrence,  Kans. 

Wabd,  Kenneth  B 

Columbus,  Ohio. 


Professor  of  Civil  Engineering, 
Washington  University 

Associate  Professor  of  Civil  Engineer- 
ing, University  of  Southern  Cali- 
fornia   

Professor  of  Civil  Engineering,  Mich- 
igan Agricultural  College 

Instructor  in  Civil  Engineering, 
Union  College  

Assistant  Professor  of  Mechanical  En- 
gineering, Case  School  of  Applied 
Science   

Assistant  Professor  of  Machine  De- 
sign, University  of  Wisconsin 

Professor  of  Civil  Engineering  and 
Dean  of  Engineering  Department, 
University  of  Vermont 

Consulting  Bridge  Engineer,  Waddell 
and  Harrington   

Resident  Engineer,  American  Bridge 
Co 

Dean,  School  of  Mines,  and  Professor 
of  Mining  Geology,  University  of 
Pittsburg  

Attorney-at-Law,  Wait  &  Foster,  38 
Park  Row   

Professor  of  Mathematics, 
Washington  University 

Professor  of  Hydraulic  and  Sanitary 
Engineering,  The  Pennsylvania  State 
College  

Professor  of  Mechanical  Engineering 
and  Director  of  Fowler  Shops,  Uni- 
versity of  Kansas 

Assistant  in  Civil  Engineering, 
Ohio  State  University 


1895 

1909 
1894 

1908 

1907 
1902 

1902 
1893 

1895 

1895 
1907 

1897 

1895 

1907 
1907 
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Watebmjln,  Eable  L 

P.  O.  Bos  502, 
State  College,  Pa. 

WEAVEB.  WrLLIAM  D 

West  Englewood,  X.  J. 

Webb,  J.  Bubkitt 

Hoboken,  X.  J. 

Webbeb,  Roy  I 

State  College,  Pa. 

Webster.  Ednvxi?  S 

147  Milk  St., 
Boston,  Mass. 

Wendt,  Wtue  B 

East  Lansing,  Mich. 

Wem)EIX,  Geobge  V 

400  West  118th  St., 
New  York,  N.  Y. 

Westcott.  Abthub  L 

1402  Windsor  St., 
Columbia,  Mo. 

Wheeixb,  Eabl,  

The  iBenedict. 

1810   1st  St.,  N.  W., 
Washington,  D.  C. 

Wheeleb.  Ltxde  P 

124  Linden  St., 
New  Haven,  Conn. 

Whipple.  Geobge  C 

103  Park  Ave.. 
New  York,  N.  Y. 

White,  James  M 

Champaign,  111. 

Whittemobe,  Hebbebt  L.  . . 
Laboratory  of   Applied 
]Mechanics, 
Urbana,  111. 

Wiley,  William  0 

43  and  45  E.  19th  St., 
New  York,  N.  Y, 


Instructor  in  Civil  Engineering, 
The  Pennsylvania  State  College 1907 

Editor,  Electrical   World 1909 

Consulting  Engineer  in  Mathematics, 
Mechanics  and  Physics ;  jgQg 

Associate  Professor  of  Structural  En-  ! 
gineering,    The    Pennsylvania    State 
College  ' 1907 

Member    of    the    Firm    of    Stone    and 
Webster    1907 

Instructor  in  Civil  Engineering,  j 

ilichigan  Agricultural  College 1  1908 

Professor  of  Physics,  ] 

Stevens  Institute  of  Technology. ...    190O 

Assistant   Professor   of   Experimental 
Engineering,  University  of  Missouri.    1908 


Director,  Electrical  and  Mechanical 
Engineering  Department,  Engineer- 
ing School,  L'nited  States  Army.  .  .  . 

Assistant  Professor  of  Physics,  Shef- 
field Scientific  School,  Yale  L'niver- 
sity   

Consulting  Engineer,  Firm  of  Hazen 
and  Whipple 

Professor  of  Architectural  Engineer- 
ing and  Supervising  Architect,  Uni- 
versity of  Illinois 

Associate  in  Applied  Mechanics, 
University  of  Illinois 


Publisher  of   Scientific  Books, 
tary,  John  Wiley  and  Sons. . 
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WiiX-vBD.  Abthuk  Crrrs . . 
2204  Decatur  Place,  N.W., 
Washington,  D.  C. 

Williams.  Clebmext  C 

1133  Pleasant  St., 
Boulder,   Colo. 

Williams.  Fbank  B 

Worcester,  Mass. 

Williams,  Gabdxzb  S 

1503  Washtenaw  Ave., 
Ann  Arbor,  Mich, 

Williams,  Joseph  D 

Box  66, 

Fort  Plain,  X.  Y. 

Williams,  Stlvesteb  X 

Mt.  Vernon,  Iowa, 

WnxisTON,  Abthtb  L 

15  Berkeley  St., 
Cambridge,  Mass. 

WiLMOBE,    JOHX    J 

Auburn,  Ala. 

•WiLSox.  Alexaxdeb  M.  . . . 

326  Harrison  Ave., 

Lexington,  Ky. 

WiLSOX,   BiBTON   N 

241  College  Ave., 
Fayetteville,  Ark. 

WiLSox,  Deloxza  Tate  . . . , 
Cleveland,  Ohio. 

Wilson,  Victob  T 

East  Lansing,  Mich. 

WiLSOX,   WlXTEB   L 

Bethlehem,  Pa. 

WiTHBOw,  James  R 

Columbus,  Ohio. 

Wood,  Abthtjb  J 

State  College,  Pa, 


Heating     and    Ventilating    Engineer, 

Office  of  the  Quartermaster  General, 

I     Washington,  D.   C 


Acting  Professor  of  Civil  Engineering, 
Universitv  of  Colorado 


Professor  of  Mathematics, 
Clark  College   


Professor  of  Civil,  Hydru,ulic  and 
Sanitary  Engineering,  University  of 
ilichigan   


Leveler,  Department  of  State  Engi- 
neer and  Surs'eyor,  Section  No.  3, 
Erie  Canal 

Professor  of  CiAril  Engineering, 
Cornell  College  


Director,    Wentworth    Institute,    Bos- 
ton, Mass 


Dean,  School  of  Engineering,  and  Pro- 
fessor of  Mechanical  Engineering, 
Alabama  Polytechnic  Institute 

Professor  of  Electrical  Engineering, 
State  University  of  Kentucky 


Professor  of  Mechanical  Engineering, 
and  Superintendent  of  Mechanic 
Arts,  University  of  Arkansas 


Assistant  Professor  of  Mathematics 
and  Astronomy,  Case  School  of  Ap- 
plied Science  

Professor  of  Drawing  and  Design, 
Michigan  Agricultural  College 


Professor  of  Railroad  Engineering, 
Lehigh  University   

Associate  Professor  of  Chemistry, 
Ohio  State  University 

Associate  Professor  of  Experimental 
Engineering,  The  Pennsylvania  State 
College    
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WOODBBIDGE,    S.    HOMEB 

Boston,  Mass. 


WOODWABD,    CaI.VI>'    M. 

St.  Louis,  Mo. 


WoODWABD,    ROBEET    S 

1513  Sixteenth  St., 
Washington,  D.  C. 

*Wbentmobe,  Clabexce  G, 
933  Forest  Ave., 
Ann  Arbor,  ^lich. 

Weight,  AETHrB  S 

1669  East  115th  St., 
Cleveland,  Ohio. 

Yeezley,  William  Aubed 
14  Garden  St., 
Potsdam,  N.  Y. 

YotTNG,    CUXTOX   M 

407  W.  Hancock  St., 
Lawrence,  Kan. 

YouKG,  Daniel  A 

R.  F.  D.  No.  6, 

Schenectady,  N.  Y. 

Young,  Gilbebt  A 

409  University  Ave., 
West  Lafayette,  Ind. 

Zelext,  Anthony  

321  Church  St.,  S.  E., 
Minneapolis,  Minn. 

ZiMMEBMAN,    OlIVEB   B.  .  .  . 

La  Porte,  Ind. 

ZiwET,  Alexandeb    , 

Ann  Arbor,  Mich. 


Associate  Professor  of  Heating  and 
Ventilation,  Massachusetts  Institute 
of  Technology  j  1904 

Professor  of  Mathematics  and  Applied 
Mechanics  and  Dean  of  the  School 
of    Engineering    and    Architecture,  i 
Washington  University |  1894 

President,  Carnegie  Institution  of 
Washington,  Washington,  D.  C 1894 


Assistant  Professor  of  Civil  Engineer- 
ing, University  of  Michigan 


Professor  of  Alodern  Languages, 
Case  School  of  Applied  Science. 


Associate  Professor  of  Mining  Engi- 
neering, University  of  Kansas 


Leveler,  State  Water  Supply  Depart- 
ment, Lyons  Block,  Albany,  X.  Y. . . 

Assistant  Professor  of  Mechanical  En- 
gineering, Purdue  University 


Professor  of  Physics, 
University  of  ^Minnesota. 


Mechanical  Engineer  and  Chief  Drafts- 
man, M.  Rumely  Co 

Professor  of  Mathematics, 
University  of  Michigan 


1904 
1907 
1907 
1907 

1907 

I 

;  1908 
1907 

1902 
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Names  in  italics  are  those  of  persons  not  engaged  in  teaching. 

Alabama.— Auburn:   E.  L.  Brown;    B.  H.  Crenshaw;   G.  N.  Mitcham; 

C.  C.   Thach;    A.  L.   Thomas;    J.  J.  "Wilmore;    (6).     Montevallo: 

T.  W.  Palmer.     TaUadega:  B.  H.  Kyser.    University:  E.  B.  Kay. 
Arizona.— Tucson:  TV.  "W.  Henley. 
Arkansas.— Fayettevllle:  "W.  N.  Gladson;  J.  J.  Knoch;  V.  P.  Knott; 

A.  A.  Steel;   B.  X.  Wilson;    (5). 
California.— Berkeley:  S.  B.  Christy;  C.  Derleth,  Jr.;  W.  H.  Reynolds; 

T,  B,  Sears;  F.  H.  Tibbets;    (5).     Los  Angeles:  C.  W.  Lawrence; 

J.  G.  Van  Zandt;   (2),    Palo  Alto:  L.  M.  Hoskins.     Pasadena:  H. 

T.  Clifton.     Stanford  University:  W.  F.  Durand;  C.  D.  Marx;  H. 

J.   Ryan;    (3). 
Colorado.— Boulder:   H.   S.   Evans;   J.   A.   Hunter;   A.   P.   Poorman;    J. 

H.  Wallace;    C.  G.  "Williama;    (5).     Colorado  Springs:   F.   Cajori. 

Denver:   M.  S.  Ketchum.     Fort  Collins:   L.  G.   Carpenter;   F.  A. 

DeLay;  E.  W.  Gay;.  J.  W.  Lawrence;  C.  A.  Lory;    (5).     Golden: 

V.  C.  Alderson. 
Connecticut.— New  Haven:  S.  E.  Barney;  L.  P.  Breckenridge ;   R.  H. 

Chittenden;  A.  J.  Du  Bois;  C.  S.  Farnham;   L.  D.  Huntoon;  F.  S. 

Jones;   E.  H.  Lockwood;  H.  B.  North;   J.  W.  Roe;   P.  F.  Smith; 

J.  C.  Tracy;  L.  P.  Wheeler;    (13).     Waterbury:  W.  H.  Bristol. 
Delaware.— Newark:  G.  A.  Barter;  F.  H.  Robinson;    (2). 
District  of  Columbia.— Washington:  (Carnegie  Institution)  R.  S.  Wood- 
ward.    (George  Washington  University)  P.  Betts;  E.  "V,  Dunston; 

H.    L.    Hodgkins;     (3).      (U.    S.    Army    Engineering    School)    E. 

Wheeler.     (City)  B.  B.  Green;  J.  A.  Holmes;  A.  C.  WiUard;   (3). 
Florida.— Gainesville:  J.  R.  Benton;  N.  H.  Cox;    (2). 
Georgia.— Dahlonega:  J.  F.  O 'Byrne. 
Idaho.— Richfield:  J.  A.  Green.    Moscow:  C.  N.  Little. 
Illinois.— Champaign:   A.  R.  Bench;   H.  B.  Dirks;   N.  R.  Fleming;   L. 

G.  Parker;  E.  J.  Townsend;  J.  M.  White;  (6).    Chicago:   (Armour 

Inst.)   W.  E,  Barrows,  Jr.;   R.  Burnham;   E.  H.  Freeman;   D.  P. 

Moreton;  C.  E.  Paul;  A.  A.  Radtke;  H.  M.  Raymond;   (7).     (Lewis 

Inst.)  H.  E.  Cobb;  C.  E.  DePuy;  A.  W.  Moseley;  (3).     (University 

of  Chicago)    C.  Kinsley.      (City)   B.  J.  Arnold;  0.  Bates;   G.  M. 

Brill;   W.  M.  Camp;   0.   Chanute;  A.  S.  Hibbard;  E.   ModjesTci; 

A.  Songe;  C.  L.  Strobel;  S.  il.  Turrill ;  (10).    Decatur:  H.  0.  Rugg; 

•  Members  are  classified  according  to  P.  O.  address  as  in  Membership 
List. 
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J.  B.  Shaw;  H.  E.  Smith;  (3).  Evanston:  O.  H.  Basquin;  A.  W. 
Harris;  J.  F.  Havford;  L.  W.  Irish;  (4).  Peoria:  C.  E.  Corn- 
stock;  F.  H.  Evans;  (2).  Urbana:  J.  P.  Brooks;  M.  Brooks; 
F.  O.  Dufour;  W.  Y.  Dunkin;  M.  L.  Enger;  J.  H.  GHl;  G.  A. 
Goodenough;  W.  F.  M.  Goss;  C.  T.  Knipp:  O.  A.  Leutwiler;  C.  L. 
MeMaster;  C.  W.  Malcolm:  H.  F.  Moore;  X.  C.  Bicker;  E.  C. 
Schmidt;  B.  B.  Slippy;  H.  H.  Stock;  A.  N.  Talbot;  J.  C.  Thorpe; 
H.  L.  WMnemore;  (20  +  6  =  26  in  University  of  ILL). 
Indiana.— Lafayette:   C.  H.  Benjamin;  A.  W.  Cole;   R.  G.  Dukes;  L. 

E.  Endsley;  J.  W.  Esterline;  P.  X.  Evans;  T.  T.  Eyre;  HL  O.  Gar- 
man;  C.  F.  Harding;  W.  K.  Hatt;  J.  D.  Hoffman:  A.  M.  Kenyon; 
C.  H.  Lawrance;  L.  T.  Ludy;  H.  T.  Plumb;  J.  H.  Ransom;  W.  P. 
Turner;  G.  A.  Young:  (IS).  (City)  il.  Price.  La  Porte:  O.  B. 
Zimmerman.  Terre  Haute:  M.  A.  Howe:  C.  L.  Mees;  (2). 
Valparaiso:   H.  B.  Brown. 

Iowa,— Ames:   S.  W.  Beyer;   M.  I.  Ewinger;   F.  A.  Fish;  H.  C.  Ford; 

A.   H.   Hoffman:   A.   Marston;   W.  H.   Meeker;   M.  W.   PuUen;   A. 

Shane:    L.    B.    Spinney;    (10).     Iowa    City:    A.   H.   Ford;    F.    G. 

Higbee:    B.    J.    Lambert;    W.    G.    Raymond;    A.    G.    Smith;     (5). 

Mt.  Vernon:  S.  X.  WiUiams. 
Kansas.— Lawrence:  B.  J.  Dalton;   W.  C.  Hoad;   A.  K.  Hubbard;   F. 

0.  Marvin;  J.  D.  Xewton;  H.  A.  Rice:  G.  C.  Shaad;  F.  Strong;  P. 

F.  "Walker;  C.  M.  Young;  (10).  Manhattan:  M.  R.  Bowerman;  L. 
E.  Conrad;  E.  B.  McCormick;  A.  A.  Potter;  D.  O.  Stone;   (5), 

Kentucky— Lexington:  F.  P.  Anderson:  L.  K.  Frankel;  C.  J.  Xorwood; 

A.  M  VTilson;    (4). 
Louisiana.- Bat-on  Rouge:  T.  W.  Atkinson;  A.  M.  Herget;    (2).     New 

Orleans:  D.  S.  Anderson :  W.  E.  Creighton;  W.  B.  Gregory;  H.  F. 

Eugan:    ^4^. 
Maine.— Brunswick:  H.  B.  Hastings.     Orono:  H.  S.  Boardman;  A.  C. 

Jewett;   (2). 
Maryland. —Annapolis :  P.  R.  AJger. 
Massachusetts.- Amherst:  J.  E.  Ostrander.     Boston:   (Franklin  Union) 

W.   B.  RusseU.      (Mass.   Inst.   Tech.)    C.  L.  Adams;    C.  F.  Allen; 

R.  D.  Bradbury;   C.  B.  Breed;  A.  E.  Burton;   C.  E.  Fuller;  X.  R. 

George,  Jr.;  H.  TV.  Hayward;   H.  O.  Hofman;   J.  W.  Howard;   D. 

C.  Jackson;   W.  A.  Johnston;   G.  Lanza;   R.  R.  Lawrence;   W.  H. 

Lawrence;    F.   A.   Laws;    R.   C.   Maclaurin;    A.   L.   Merrill;    L.   E. 

Moore;  J.  P.  Munroe;  C.  L.  Xorton;  A.  A.  Xoyes;  C.  F.  Park;  H. 

Pender;  D.  Porter;  R.  H.  Richards;  A.  G.  Robbins;  H.  L.  Seaver; 

W.  T.  Sedgwick;   C.  M.  Spofford;   G.  W.  Swett;  H.  P.  Talbot;   H. 

"W.  Tyler;   S.  H.  Woodbridge;    (34).     (Went worth  Institute)  A.  L. 

Williston.     (City)  H.  E.    Barroics;  C.  A.  Chandler;  W.  B.  Snovo;  C. 

A.  Stone;  E.  S.  Webster;   (5).     Cambridge:  C.  A,  Adams;  H.  E. 
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Clifford;  H.  G.  Crane;  I.  X.  Hollis;  H.  J.  Hughes;  E.  V.  Hunting- 
ton; L.  J.  Johnson;  F.  L.  Kennedy;  L.  S.  Marks;  H.  L.  Snivth;  G. 
F.  Swain;  (11).  Dorchester  Center:  J.  H.  Hawes.  Newton  Center: 
H.  E.  Clifford.  Newburyport:  B.  G.  Fogg.  Stoneham:  C.  H.  Chase. 
Tufts  College:  G.  C.  Anthony;  G.  F.  Ashley;  C.  D.  Bray;  S.  C. 
Earle;  W.  L.  Hooper;  E.  H.  Rockwell;  C.  E.  Stewart;  C.  L, 
Svensen;  (8).  Worcester:  (Clark  College)  F.  B.  Williams.  (W. 
P.  I.)  C.  M.  Allen;  A.  D.  Butterfield;  J.  C.  Davis;  E.  A.  Engler; 
A.  W.  French;  E.  L.  Hancock;  H.  C.  Ives;  C.  D.  Knight;  J.  R. 
McConneU;  J.  O.  Phelon;  A.  S.  Richey;  A.  L.  Smith;  H.  B.  Smith; 
(U). 
Michigan.— Ann  Arbor:  J.  R.  AUen;  M.  E.  Cooley;  C.  S.  Denison;  H. 
H.  Higbie;  W.  L.  Miggett;  J.  A.  Moyer;  H.  P.  Noble;  H.  C. 
Sadler;  G.  S.  Williams;  C.  G.  Wrentmore;  A.  Ziwet;  (11). 
Calumet:  J.  MacXaughton.  Detroit:  A.  C.  Mehrtens.  East  Lan- 
sing: L.  L.  Appleyard;  W.  Babcock;   E.  N.  Bates;  G.  W.  Bissell; 

C.  H.  Harper;  W.  L.  Lodge;  J.  A.  Poison;  A.  R.  Sawyer;  H.  K. 
Vedder;  W,  B.  Wendt;  V.  T.  Wilson;  (11).  Houghton:  G,  L. 
Christensen;  J.  Fisher,  Jr.;  E.  D.  Grant;  O.  P.  Hood;  F.  W. 
McNair;  F.  W.  Sperr;  (6).  Ishpeming:  M.  M.  Duncan.  Lapeer: 
F.  MorJey.  Marquette:  J.  M.  Longyear.  Painesdale:  F.  W.  Ben- 
ton.   Vulcan:  W.  Kelly. 

Minnesote.— Minneapolis:  F.  H.  Bass;  W.  E.  Brooke;  E.  H.  Comstock; 
F.  H.  Constant;  H.  H.  Dalaker;  H.  T.  Eddy;  J.  J.  Flather;  G.  B. 
Frankforter;  H.  D.  Frary;  B.  F.  Groat;  A.  E.  Haynes;  W.  H. 
Kavanaugh;   J.  V.  Martenis;   B.  L.  Newkirk;   F.   C.  Shenehon;   G. 

D.  Shepardson;  S.  C.  Shipley;  C.  F.  Shoop;  F,  W.  Springer;  A. 
Zeleny;    (20). 

Mississippi.— University:  W.  H.  Drane;  A.  Hume;  J.  W.  Johnson;  (3). 
Agricultural  CoUege:  C.  E.  Reid. 

Missouri.— Columbia:  L.  M.  Defoe;  H.  W.  Hibbard;  A.  L.  Hyde;  E. 
Querbach;  T.  J.  Rodhouse;  H.  B.  Shaw;  F.  P.  Spalding;  0.  M. 
Stewart;  A.  L.  Westcott;  (9).  Joplin:  M.  R.  Bump.  Kansas  City: 
(M.  T.  H.  S.)  J.  M.  Kent.  (City)  J.  L.  Harrington;  I.  G.  Eedrick; 
A.  Maitland,  Jr.;  W.  K.  Palmer;  J.  A.  L.  Waddell;  (5).  RoUa: 
A.  L.  McRae.  St.  Louis:  (High  School)  S.  H.  Moore.  (Washing- 
ton Univ.)  E.  G.  Hooper;  A.  S.  Langsdorf;  W.  E.  McCourt;  E.  L. 
Ohle;  J.  L.  Van  Ornum;  C.  A.  Waldo;  C.  M.  Woodward;  (7.) 
(City)   W.  H.  Bixby;  E.  S.  Brinsmade ;  (2). 

Montana.— Bozeman:  J.  A.  Thaler.     Missoula:  A.  W.  Richter. 

Nebraska.— Lincoln:  A.  Boyd;  G.  R.  Chatburn;  E.  W.  Davis;  G.  H. 
Morse;  C.  R.  Richards;  O.  V.  P.  Stout;   (6). 

Nevada.— Reno:  A.  N.  Clark;  J.  G.  Scrugham;  J.  E.  Stubbs;   (3). 
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New  HampsMre.— Durham:  A.  F.  Nesbit;  C.  H.  Pettee;  (2).    Hanover: 

E.  Fletcher;  C.  X.  Haskins;  C.  A.  Holden;   (3). 

New  Jersey.— East  Orange:  A'.  C.  Grover;  E.  F.  Eoeler;  (2).  Hobo- 
ken:  (Stevens)  G.  Crisson;  E.  F.  Deimel;  J.  E.  Denton;  F.  D. 
Furman;  A.  F.  Ganz;  C.  O.  Gunther;  A.  C.  Humphrevs;  C.  B. 
LePage;  L.  A.  Martin,  Jr.;  J.  C.  Ostrup;  F.  L.  Prror;  A.  Eiesen- 
berger;  W.  A.  Shoudy;  G.  V.  Wendell;  (14).  (City)  J.  B.  Webb. 
Montclair:  TT.  Kent.  Princeton:  H.  B.  Fine;  H.  S.  S.  Smith;  (2). 
New  Brunswick:  E.  C.  H.  Heck;  A.  E.  Johnson;  F.  E.  Pratt;  F.  F. 
Thompson;  A.  A.  Titsworth;  (5).  Short  Hills:  J.  J.  Carty;  M.  M. 
Foss;  (2).  South  Orange:  C.  P.  Poole.  West  Englewood:  W.  D. 
Weaver. 

New  Mexico. — Agricultural  College:  W.  F.  Schaphorst. 

New  York.— Albany:  A.  D.  Dean;  H.  A.  GeJiring ;  (2).  Brooklyn: 
(Manual  Training  High  School)  F.  B.  Abbott.     (Polytechnic  Inst.) 

F.  W.  Atkinson;  W.  D.  Ennis;  C.  W.  Hudson;  S.  Sheldon;  (4). 
(Pratt  Inst.)  W.  A.  Ballou;  J.  W.  Burley;  H.  D.  Burghardt;  S.  S. 
Edmands;   J.  M.  Jameson;   E.  H.  Koch,  Jr.;   J.  P.  Kottcamp;   M. 

C.  Maxwell;  E.  X.  Xoyes;  C.  M.  Pratt;  F.  B.  Pratt;  G.  D.  Pratt; 
F.  O.  Price;  A.  W.  Smith;  E.  F.  Stevens;  W.  H.  Timbie;  J.  C. 
Ulbrieht;  (17).  Fort  Plain:  J.  D.  Williams;  Ithaca:  F.  A.  Barnes; 
S.  L.  Boothroyd;  C.  L.  Crandall;  E.  E.  Haskell;  H.  S.  Jaeoby; 
V.  Karapetoff;  O.  M.  Leland;  G.  S.  Macomber;  D.  A.  Molitor;  H. 
H.  Xorris;  F.  J.  Seery;  (11).  New  York:  (Cathedral  College)  W. 
J,  McAuliffe.  (Columbia  Univ.)  A.  Black;  W.  H.  Burr;  F.  A. 
Goetze;  C.  E.  Lucke;  J.  H.  Morecroft;  C.  E.  Morrison;  H.  S. 
Munroe;  M.  I.  Pupin;  W.  Eautenstrauch ;  G.  F.  Sever;  C.  W. 
Thomas;  (11).  (Cooper  Union)  A.  Ball;  H.  C.  Enders;  F.  E. 
Foss;  F.  M.  Hartman;  C.  E.  Eichards;  (5).  (Mechanics  Inst.)  L. 
Eouillion.  (X.  Y.  Univ.)  W.  E.  Bryans;  A.  Haring;  C.  E.  Hough- 
ton; C.  H.  Snow;  (4).  (City)  E.  Caldwell;  E.  L.  Corthell;  H.  L. 
Doherty;  L.  Duncan;  E.  S.  Farwell;  G.  H.  Frost;  H.  P.  Gillette; 
F.  A.  Halsey;  D.  S.  Jacobus;  B.  Jones,  Jr.;  O.A.Kenyon;  C.Kirch- 
hoff;  T.  C.  Martin;  M.  Merriman;  A.  H.  Kelson;  E.  E.  Storm; 

D.  L.  Turner;  J.  C.  Wait;  G.  C.  Whipple;  W.  0.  Wiley;  (20). 
Potsdam:  W.  S.  Aldrich;  J.  W.  Dorsey;  H.  Miller;  C.  H.  Sanford; 
W.  M.  Towle;  W.  A.  Yerzley;  (6).  Schenectady:  J.  A.  C.  Callan; 
O.  J.  Ferguson;  W.  A.  Garrison;  J.  W.  Hughes;   O.  H.  Landreth; 

E.  M.  Mark;  H.  C.  McSchell;  G.  E.  Munroe;  O.  F.  von  Voigtlander; 
D.  A.  Young;  (10).  Syracuse:  E.  A.  Porter.  (City)  J.  H.  Barr. 
Troy:  A.  M.  Greene,  Jr.;  G.  S.  Thompson;  E.  A.  Touceda;  (3). 
Yonkers:  J.  S.  Brown;  J.  E.  Wadsworth;    (2). 

North  Carolina.— Chapel  Hill;  A.  H.  Patterson.  Charlotte:  E.  B. 
Owens.  Granite  Quarry:  L.  X.  Daniels.  West  Raleigh:  W.  H. 
Browne,  Jr.;  H.  E.  Satterfield;    (2). 


GEOGRAPHICAL    DISTRIBUTION    OF    MEMBERS.         Ixi 

North   Dakota.— Agricultral   College:    R.   H.    Slocum.     Grand   Forks: 

E.  J.  Babcock;  A.  J.  Becker;  C.  H.  Crouch;    (3).     University:  E. 

F.  Chandler. 

Ohio.— Ada:  T.  J.  Smull,  Jr.    Cincinnati:  F.  E.  Ayer;  J.  T.  Faig;  A. 

L.    Jenkins;    H.    Schneider;    S.    E.    Slocum;    S.    N.    Taylor;     (6). 

(City)    H.   I.   Eddy;  J.   B.   Stan  wood;    (2).     Cleveland:    (Case 

School)    C.    A.    Cadwell;    F,   M.    Comstock;    H.    B.    Dates;    R.    H. 

Fernald;     T,    M.    Focke;     C.    S.    Howe;     D.    C.    Miller;     F.    H. 

Neff;    A.   W.     Smith;     J.     M.     Telleen;     C.    F.    Thomas;     F.     H. 

Vose;   D.  T.  "Wilson;    A.  S.  Wright;    (14).      (Tech.  H.   S.)    R.  L. 

Short.      (City)    F.    TV.    Ballard;    W.    A.    Miller;    G.    Smart;    (3). 

Columbus:    (O.  S.  U.)   R.  D.  Bohannan;  J.  E.  Boyd;  J.  N.  Brad- 
ford; F.  C.  Caldwell;  F.  H.  Eno;  T.  E.  French;  E.  A.  Hitchcock;  J. 

H.  Hunt;  H.  Judd;  W.  A.  Knight;  T.  K.  Lewis;  N.  "W.  Lord;  W.  T. 

Magruder;  R.  Meiklejohn;  C.  T.  Morris;  E.  Orton,  Jr.;  F.  A.  Ray; 

S.  W.  Robinson;  R.  Rogers;  F.  E.  Sanborn;  C.  E.  Sherman;  K.  B. 

Ward;   J.  R.  Withrow;    (23).     Dayton:   B.  S.  King.      Delaware: 

W.  G.  Hormell.     Granville:  B.  E.  Trask. 
Oklahoma.— Sampsel:  D.  W.  Bichards.     Stillwater:  E.  E.  King.     Wil- 

burton:  G.  E.  Ladd. 
Oregon.— Corvallis:   G.   A.   Covell.     Eugene:   F.   G.   Frink.     Medford: 

TV.  J.  Boberts. 
Pennsylvania.— Allegheny:  C.  B.  Connelley.    Altoona:  C.  B.  Dudley.   Ber- 
wick: S.  DeW.  Fowler.     Easton:  J.  M.  Porter.     Haverford:  L.  H. 

Rittenhouse.     Lewisburg:  C.  A.  Lindemann.    Media:  L.  M.  Arkley. 

Norwood:    W.  B.  Creagmile.      Philadelphia:  (Central  M.  T.  H.  S.)  L. 

F.  Rondinella.     (Drexel  Inst.)  H.  N.  Benkert;  A.  J.  Rowland;  E.  B. 

Smith;    (3).     (Univ.  of  Pa.)  W.  Easby,  Jr.;  H.  B.  Evans;   E.  L. 

Ingram;    E.    Marburg;    H.    W.    Spangler;    J.    V.    Stanford;     (6). 

(City)    A.    W.  Ayer;  A.   T.  Bruegel;   L.Olsen;    (3).     Pittsburg: 

(Carnegie    Tech.    Sch.)    A.   A.   Hamerschlag;    C.    C.   Leeds;    J.    H. 

Leete;    W.    E.    Mott;    N.    C.   Riggs;    L.   B.    Smith;    (7).      (Univ. 

of  Pittsburg)    F.   L.  Bishop;   M.  E.  Wadsworth;    (2).      (Western 

Univ.   of  Pa.)    A.   E.   Frost.      (City)    B.   Carhart;  A.  Kingsbury; 

C.   F.   Scott;    (3).     Scranton:    J.   J.   Clark;    E.   H.   Powell;    (2). 

South  Bethlehem:    H.   S.   Drinker;   W.   Esty;   W.   S.   Franklin;   A. 

W.    Klein;    P.    A.    Lambert;    F.    P.    McKibben;    S.    S.    Seyfert; 

J.    L.    Stewart;    C.    L.    Thornburg;    W.    L.    Wilson;     (10).      State 

College:  L.  F.  Adams;  W.  S.  Ayars;  J.  P.  Calderwood;  H.  Diemer; 

H.  V.  Egbert;   A.  H.  GUI;   J.  P.  Jackson;   C.  P.  Linville;   J.  A. 

Mease;    R.    E.    Myers;    H.    B.    Shattuck;    E.    E.    Sparks;    E.    D. 

Walker;  E.  L.  Waterman;  R.  I.  Webber;  A.  J.  Wood;  (16).    Swiss- 
vale:  C.  E.  Downtown.    Wilkinsburg:  C.  B.  Dooley.     Williamson 

School  P.  O.:  H.  S.  Bitting;  J.  A.  Pratt;   (2). 
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Ehode  Island-— Providence:    A.   H.  Blanchard;    J.  A.  Brooks;   H.   B. 

Drowne;   J.  E.   Hill;   W.  H.  Kenerson;    T.   M.   Phetteplace;    0.  E. 

EandaU;    (7). 
South  Carolina.— Clemson  College:   W.  M.  Riggs.     Cliarleston:   E.   G. 

Thomas: 
South  Dakota.— Brookings:    B.  B.  Brackett:    H.  B.   Matthews;    H.   C. 

Solberg;    (3).     Vermillion:  A.  B.  McDanieL 
Tennessee.— Knoxville:  B.  Ayres;  W.  W.  Carson;  E.  C.  Matthews;  (3). 

(.City)  F.  E.  Jones.    Memphis:  L.  G.  Tan  Xess.    Nashville:  W.  H. 

Schuermac. 
Texas.— Austin:    H.    T.    Benedict;    A.    C.    Scott;    T.    U.    Taylor;    (3). 

Beaumont:   A.   C.  Love.     College   Station:    N.   H.   Brown;    E.  J. 

Ferniier:  F.  E.  Giesecke;  J.  W.  Kidd;  J.  C.  Xagle;  C.  Puryear;   (6). 
Utah.— Logan:  J.  Jenson.    Provo:  P.  X.  Xunn.    Salt  Lake  City:  "W.  C. 

Ebaugh:  E.  E.  Lyman;  J.  F.  Merrill;    (3).     (City)   G.  M.  Bacon. 
Vermont.— Burlington:  J.  W.  Elliott;  "W.  H.  Freedman;  C.  H.  Pierce; 

E.  Eobinson;   E.   Thomas;   J.  W.  Totey;    (6). 

Virginia.— Blackshurg:  J.  S.  Johnson;  L.  S.  Randolph;  (2).  Lexing- 
ton:  D.   C.  Humphreys;   E.  W.  Nichols;    (2). 

Washington.— Seattle:  A.  H.  Fuller:  G.  L  Gavett;  C.  B.  Gibbons;  E. 
HavilaEd,  Jr.;  E.  J.  McCaustland;  C.  E.  Magnusson;  C.  C.  More; 

F.  A.  Osbom:    (S).     Spokane:  P.  S.  Biegler;  E.  T.  Tannatt;   (2). 
Walla  Walla:   A.  W.  Hendrick:  W.  C.  McXown;    (2). 

West  Virginia.— Morgantown:  W.  H.  Boughton;  W.  E.  Dickinson;  F. 

L.  Emory:  C.  E.  Jones;  F.  L.  Kortright;   (5). 
Wisconsin.- Madison:  M.  C.  Beebe;  E.  Bennett;  C.  F.  Burgess;  E.  T. 

Craigo;  X.  P.  Curtis;  M.  E.  Hammer;  E.  C.  Holden;  E.  J.  Kunze; 

J.  G.  D.  Mack;  E.  R.  Maurer;  D.  "^.  Mead;  E.  B.  Xorris;  W.  D. 

Pence;  J.  D.  Phillips;  L.  E.  Reber;  E.  M.  Shealy;  J.  W.  Shuster; 

C.  S.  Sliehter;  L.  S.  Smith;  C.  C.  Thomas;  H.  J.  Thorkelson;  F.  E. 

Tumeauxe;  C.  E.  Tan  Hise;  J.  H.  Tosskuehler;  (24).    Milwaukee: 

G.  H.  Bemenberg.     (Marquette  ITniversity)  J.  C.  Davis.     (Seh,  of 
Trades)   C.  F.  Perry. 

Australia.— Melbourne:    E.  Mead.     Sidney,   N.    S.   W.:    S.   H.    Barra- 

clough. 
Brazil.- Porto  Alegre:   J.  Luderitz. 
Canada.— Montreal,  Quebec:  F.  D.  Adams:  J.  B.  Porter;    (2).     Fred- 

ericton,  New  Brunswick:  E.  A.  Stone.     Halifax,  Nova  Scotia:  F. 

H.  Sexton.     Toronto,  Ontario:   (Sch.  of  I^ractical  Sci.)  T.  B.  Rose- 

bmgh;  L.  B.  Stewart;    (2).     (Univ.  of  Toronto)   J.  Galbraith;  P. 

GiUespde;    (2).     Winnepeg,  Manitoba:   E.  E.  Brydone-Jack. 
China.— Tientsin:  W.  H.  Adams;  M.  H.  Peck;    (2).     Shanghai:  S.  E. 

Hutton. 
England.— Sheflield:    W,    Swift.     South   Kensington,    London:    H.    T. 

Bovev. 
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Hungary.— Budapest:  C.  Mehely. 

Italy.— Florence:   T.  C.  Mendenhall. 

Mexico.— Zamora:  JV.  D.  Appleton. 

Philippine  Islands. — Manila:  F.  A.  Dalburg;  E.  L.  Lundgren;  (2). 


GEOGRAPHICAL  SUMMARY  OF  MEMBERS. 


Alabama   9 

Arizona    1 

Arkansas  5 

California  11 

Colorado    12 

Connecticut     14 

Delaware     2 

District  of  Columbia  8 

Florida    2 

Georgia   1 

Idaho    2 

Illinois 57 

Indiana   23 

Iowa    16 

Kansas    15 

Kentucky    4 

Louisiana    6 

Maine    3 

Maryland    1 

Massachusetts    ...  78 


Michigan     34 

Minnesota     20 

Mississippi    4 

Missouri    27 

Montana    2 

Nebraska    6 

Nevada    3 

New   Hampshire..  5 

New   Jersey 29 

New  Mexico 1 

New  York   100 

North   Carolina ...  5 

North   Dakota.  ...  5 

Ohio  53 

Olkahoma    3 

Oregon    3 

Pennsylvania  ....  66 

Rhode  Island 7 

South  Carolina    . .  2 


South   Dakota ....  4 

Tennessee    6 

Texas    10 

Utah    6 

Vermont    6 

Virginia    4 

Washington    12 

West  Virginia ....  5 

Wisconsin  27 

Australia    2 

Brazil    1 

Canada    9 

China    3 

England    2 

Hungary    1 

Italy    1 

Mexico    1 

Philippine    Islands     2 
Total    747 
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Memberi 

1907  1908  1909 

Massachusetts  Institute  of  Technology   21  37  34 

University  of  Illinois   18  24  26 

University  of  Wisconsin   16  18  24 

Ohio  State  University   20  22  22 

University  of  Minnesota   14  20  20 

Purdue  University    16  17  18 

Pratt   Institute    5  15  17 

The  Pennsylvania  State  College    10  16  16 

Stevens  Institute  of  Technology   6  12  14 

Case  School  of  Applied  Science  11  14  14 

Yale  University  2  11  13 

Worcester  Polytechnic  Institute   11  11  13 

Cornell   University    10  11  11 

Columbia   University    12  10  11 

University  of  Michigan   9  10  11 

Michigan  Agricultural  College   3  10  11 

Harvard  University    6  7  11 

Iowa  State  College   6  7  10 

University  of  Kansas    2  10  10 

Lehigh   University    6  7  10 

Universrity  of  Missouri    5  8  10 

Union   University    3  6  9 

Tuft's   College    3  6  9 

Armour  Institute  of  Technology   5  8  7 

Carnegie  Technical  Schools    4  6  7 

Washington  University    3  6  7 

University  of  Washington    7  7  7 

Brown  University   6  8  7 

Agricultural  and  Mechanical  College  of  Texas  5  5  6 

University  of  Cincinnati   5  5  6 

Alabama  Polytechnic  Institute    4  6  6 

University  of  Nebraska   6  6  6 

University  of  Vermont 4  6  6 

Michigan  College  of  Mines   9  9  6 

University  of  Pennsylvania    3  5  6 

Rutgers  College   1  3  5 

University  of  Arkansas   3  3  5 

Colorado  State  Agricultural  College 2  4  5 

University  of  West  Virginia   4  4  5 

Clarkson  School  of  Technology   3  5  5 
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1907 

University  of  Colorado   5 

State  University  of  Iowa   6 

Drexel  Institute 2 

Kansas  State  Agricultural  College  0 

State  University  of  Kentucky   I 

University  of  California   3 

New  York  University    1 

Polytechnic  Institute  of  Brooklyn   4 

Tulane  University  4 

Cooper  Union  for  the  Advancement  of  Science 1 

Northwestern  University  1 

James  Millikin  University   1 

George  Washington  University   2 

Nevada  State  University  2 

South  Dakota  Agricultural  College   2 

Lewis  Institute    1 

Rensselaer  Polytechnic  Institute  1 

Thayer  School  of  Civil  Engineering  of  Dartmouth  College  3 

University  of  Mississippi    3 

University  of  Tennessee    2 

University  of  Texas   3 

Leland  Stanford  Junior  University   4 

University  of  North  Dakota  2 

University  of  Utah  0 

Rose  Polytechnic  Institute   3 

Princeton  University    1 

Imperial  Pei  Yang  University,  Tientsin  China 0 

University  of  Southern  California   0 

Bradley  Polytechnic  Institute    2 

Delaware  College 1 

International  Correspondence  Schools   2 

Louisiana  State  University  1 

New  Hampshire  College  of  Agriculture  and  Mechanic  Arts  1 

North  Carolina  College  of  Agriculture  and  Mechanic  Arts  1 

Toronto  School  of  Applied  Science  3 

University  of  Florida  2 

University  of  Maine  1 

University  of  Toronto   0 

Virginia  Polytechnic  Institute  1 

Williamson  Free  School  of  Mechanical  Trades 0 

McGill  University   3 

Colorado  School  of  Mines  3 

Milwaukee  School  of  Trades   0 


Members 

1908 

1909 

6 

5 

6 

5 

2 

5 

1 

5 

3 

4 

3 

4 

3 

4 

4 

4 

4 

4 

5 

4 

2 

4 

1 

3 

2 

3 

2 

3 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

3 

4 

3 

2 

2 

3 

2 

1 

2 

0 

2 

0 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0 

2 

3 

2 

3 

1 

1 

1 
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Members 
1907      1908      1909 


Alabama  Girls'  Industrial  School  1 

Bowdoin  College 0 

Brooklyn  ^lanual  Training  High  School   0 

Bucknell  University   1 

Carnegie  Institution  1 

Clark  College   0 

Clemsen  College 1 

Cleveland  High  School  0 

Colorado  College   1 

Cornell  College 1 

Denison  University   0 

Dorchester  High  School    1 

Franklin  Union   0 

Haverford  College  1 

Montana  College  of  Agriculture  and  Mechanic  Arts 1         2 

University  of  Arizona   2         2 

Imperial  College  of  Science  and  Technology  (England)  . .  0         0 

Imperial  Polytechnic  College,  Shanghai,  China  0         0 

Instituto  Technico  Professional,  Porto  Alegue,  Brazil    . .  0         0 

Kansas  City  High  School  1 

Lafayette   College    1 

Marquette  University 0 

Massachusetts  Agricultural  College   1 

New  Mexico  College  of  Agriculture  and  Mechanic  Arts  . .  0 

North  Georgia  Agricultural  College    1 

North  Dakota  Agricultural  College 1 

Nova  Scotia  Technical  College   0 

Ohio  Northern  University    0 

Ohio  Wesleyan  University    0 

Oklahoma  School  of  Klines  and  Metallurgy 0 

Oregon  Agricultural   College    0 

Philadelphia  Central  Manual  Training  High  School   ....  1 

St.  Louia  McKinley  High  School I 

South  Carolina  Military  Academy   1 

State  School  of  Mines  of  Utah   1 

Swarthmore  College    0 

Throop  Polytechnic  Institute   1 

United  States  Engineering  School    0 

United  States  Naval  Academy  0 

University  of  Alabama    2 

University  College,  Sheffield,  England   1 

University  of  Chicago   1 

Cathedral  College    0 
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Members 
1907      1908      1909 

Mississippi  Agricultural  College   0         0 

Montana  University   0         0 

University  of  Idaho   0         2 

University  of  Manitoba  1 

University  of  Syracuse    1 

University  of  Pittsburg    0 

University  of  North  Carolina   0 

University  of  South  Dakota   1 

University  of  Sydney  1 

University  of  New  Brunswick  0 

University  of  Oregon   0 

Valparaiso  University    0 

Vanderbilt  University    1 

Virginia  Military  Institute   0 

Washington  and  Lee  University   1 

Wentworth  Institute    0        0 

Western  University  of  Pennsylvania   1         1 

Whitman  College 0        0 


SUMMARY    BY    OCCUPATION. 

Teachers 

Classification                                      1907  190S  1909 

Architecture   3  4  5 

Biology    2  2  1 

Chemistry    8  12  10 

Civil  Engineering    102  130  160 

Deans  and  Directors  only   11  22  28 

Drawing 16  27  42 

Electrical  Engineering   47  72  81 

Journalists    0  0  0 

Manual  Training  4  4  4 

Mathematics   38  56  63 

Mechanical  Engineering  81  112  117 

Mechanics    15  23  25 

Mining  Engineering    14  20  28 

Physics    24  38  36 

Presidents    15  22  23 

Shopwork    10  12  6 

Trade-school    5  5  4 

Unclassified  8  14  9 

Professors  who  are  also  Deans  .  .(40)  (41)  (54) 

Total 409  575  642             94       100       105 


Practitioners 

1907 

1908       1909 

0 

0           0 

0 

0           0 

2 

2           1 

34 

36         22 

0 

0           0 

0 

0           0 

13 

15         15 

9 

11         15 

0 

0           0 

2 

1           1 

18 

19         27 

0 

0           0 

6 

G           4 

0 

0           0 

0 

1           0 

0 

0           0 

0 

0           0 

10 

9         20 
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GENERAL    SUMMARY. 
DiFFEBENX  Institutions  Repbesented. 

1907 
Colleges  and  Universities  teaching  Engineering 

Domestic   94 

Foreign    5 

Manual  Training,  High,  C!orrespondence,  and  Trade 

Schools 17 

Total  Institutions   116 

Teachers,  and,  in  many  cases,  also  practitioners  .  . .  409 
Practitioners,  not  teaching 94 

Total  Members 503         675         747 


1908 

1909 

116 

126 

5 

9 

19 

9 

140 

144 

575 

642 

100 

105 

CONSTITUTION 


Society  for  the  Promotion  of  Engineering  Education 


1.  Name— This  organization  shall  be  called  the  Society  for 
THE  Promotion  of  Engineering  Education. 

2.  Members— Members  of  the  Society  shall  be  those  persons 
who  occupy  or  have  occupied  responsible  positions  in  the  work 
of  engineering  instruction,  together  with  engineering  practi- 
tioners and  other  persons  interested  in  engineering  education. 

Honorary  Members  of  the  Society  shall  be  such  persons  as 
may  be  recommended  by  unanimous  vote  of  the  Council  after 
a  letter  ballot.  In  taking  this  ballot,  the  Secretary  is  directed 
to  close  the  polls  one  month  after  the  names  of  the  candidates 
are  sent  out.  Councilors  not  heard  from  will  be  counted  in 
favor  of  the  candidate.  Honorary  Members  shall  not  have  the 
right  to  vote,  shall  not  be  eligible  to  office,  and  shall  not  be 
required  to  pay  any  fees  or  dues. 

Any  Member  not  in  arrears  for  dues  may  become  a  Life 
Member  by  paying  Fifty  Dollars  into  the  Treasury  of  the 
Society  at  one  time. 

The  name  of  each  candidate  for  membership  shall  be  pro- 
posed in  writing  to  the  Council  by  two  members  by  whom  he 
is  personally  known.  Such  name,  if  approved  by  the  Coun- 
cil, shall  be  voted  on  by  the  Society  at  the  annual  meeting,  a 
vote  of  three-fourths  of  those  present  being  required  to  elect ; 
or,  during  the  period  between  annual  meetings,  an  affirmative 
letter  ballot  of  three-fourths  of  those  members  of  the  Council 
■whose  vote  reaches  the  Secretary  within  one  month  from  the 
time  of  sending  out  the  name  of  the  candidate  shall  elect. 
Such  letter  ballot  elections  shall  be  credited  to  the  previous 
annual  meeting  and  dues  will  date  from  that  time. 

(Ixix) 
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3.  Officers— There  shall  be  a  President,  two  Vice-Presi- 
dents, a  Secretary  and  a  Treasurer,  each  to  hold  office  for  one 
year,  or  until  their  successors  have  been  elected  and  have 
qualified.  The  Officers  shall  be  elected  by  ballot  of  the  So- 
ciety at  the  annual  meeting. 

4.  Council— The  Council  of  this  Society  shall  consist  of 
twenty-one  elective  members,  one-third  of  whom  shall  retire 
annually.  The  officers  and  the  Past  Presidents  of  the  Society 
shall  be  members  of  the  Council  ex-officiis. 

Any  member  of  this  Society  shall  be  eligible  to  election  to 
the  Council,  provided  that  not  more  than  one  elective  member 
shall  be  from  any  one  college. 

Members  of  the  Council  shall  be  elected  by  ballot  by  the 
Society  at  its  annual  meeting. 

The  Council  shall  constitute  a  general  executive  body  of  the 
Society,  pass  on  proposals  for  membership,  elect  candidates 
ad  interim,  attend  to  all  business  of  the  Society,  receive  and 
report  on  propositions  for  amendments  to  the  constitution, 
and  shall  have  power  to  fill  temporary  vacancies  in  the  offices. 

The  President  of  the  Society  shall  be  Chairman  of  the 
Council,  and  the  Secretary  of  the  Society  shall  be  Secretary  of 
the  Council  and  shall  keep  the  minutes  of  its  meetings  and 
an  accurate  record  of  all  its  actions. 

When  votes  taken  by  letter  ballot  of  the  Council  shall  be  re- 
quired, all  votes  which  reach  the  Secretary  within  one  month 
from  the  time  of  sending  out  the  ballots  shall  be  counted,  but 
votes  reaching  the  Secretary  later  than  the  time  here  specified 
shall  not  be  counted. 

5.  Nominating  Committee— The  Nominating  Committee 
shall  consist  of  the  Past  Presidents  and  the  seven  elective 
members  of  the  Council  retiring  the  following  year,  provided, 
however,  that  if,  of  this  committee,  the  number  in  attendance 
at  any  meeting  be  less  than  five,  the  President  shall  make  ap- 
pointments so  as  to  form  a  committee  of  five. 

6.  Fees  and  Dues— The  admission  fee,  which  shall  also  in- 
clude the  first  year's  dues,  shall  be  Three  Dollars  and  Fifty 
Cents  ($3.50),  and  the  annual  dues  thereafter  Three  Dollars 
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and  Fifty  Cents  ($3.50),  payable  at  the  time  of  the  annual 
meeting.  The  fiscal  year  shall  end  with  the  opening  of  the 
first  General  Session  of  the  Annual  Meeting.  Those  in  arrears 
more  than  one  year  shall  not  be  entitled  to  vote,  nor  to  receive 
copies  of  the  Proceedings,  and  such  members  shall  be  notified 
thereof  by  the  Secretary  one  month  previous  to  the  annual 
meeting.  Any  member  who  has  been  in  arrears  more  than  two 
years  and  duly  notified  by  the  Secretary,  shall  be  dropped 
from  the  roll,  until  such  arrearages  are  paid. 

7.  Meetings— There  shall  be  a  regular  meeting  occurring  at 
the  time  and  place  of  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  or  of  some  one  of  the  Na- 
tion Engineering  Societies,  or  otherwise  as  the  Council  may 
determine. 

8.  Publications— The  Proceedings  of  the  Society,  and  such 
papers  or  abstracts  as  may  be  approved  by  the  Council,  shall 
be  published  as  soon  as  possible  after  each  annual  meeting. 

9.  Amendments— This  Constitution  may  be  amended  by  a 
two-thirds  vote  of  those  present  at  any  regular  meeting  of  the 
Society  provided  the  Amendment  shall  have  been  approved 
by  a  two-thirds  vote  of  the  Council  taken  by  letter  ballot. 


BY-LAWS  OF  THE  SOCIETY  AND  RULES 
GOVERNING  THE  COUNCIL. 

First.  The  Officers  of  the  Society  shall  constitute  a  Com- 
mittee to  arrange  for  the  annual  meeting  and  to  prepare  a 
program  for  the  same. 

Second.  The  President,  the  Secretary  and  the  Treasurer 
shall  constitute  an  Executive  Committee  which  shall  have 
charge  of  all  matters  relating  to  the  expenditure  of  money  of 
the  Society,  the  making  of  appropriations  for  Committees  and 
other  purposes,  the  making  of  contracts,  the  approval  of  bills, 
and  also  during  the  period  between  the  meetings  of  the  Coun- 
cil shall  have  charge  of  other  business  affairs  of  the  Society. 
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Third.  Expenditures  of  money  may  be  made  only  in  ac- 
cordance with  a  definite  appropriation  or  direct  vote  of  the 
Executive  Committee  and  bills  shall  not  be  paid  by  the  Treas- 
urer until  they  have  been  approved  by  all  members  of  the 
Executive  Committee. 

Fourth.  Reading  of  papei-s  shall  be  limited  to  fifteen  min- 
utes each  or  to  such  other  time  as  may  be  designated  by  the 
Program  Committee,  and  abstracts  of  papers  of  about  three 
hundred  words  shall  be  printed  when  practicable,  and  distri- 
buted in  advance  to  the  members. 

Fifth.  The  time  occupied  by  each  person  in  the  discussion 
of  any  paper  shall  not  exceed  five  minutes. 

Sixth.  The  President,  the  Secretary  and  the  retiring  Sec- 
retary shall  constitute  a  Publication  Committee,  of  which  the 
Secretary  shall  be  Chairman,  to  edit  and  have  charge  of  the 
publication  of  the  Proceedings  cf  the  Society.  If  at  any  time 
there  be  no  retiring  Secretary  the  retiring  President  shall  be 
a  member  of  this  Committee. 

Seventh.  Additions  or  amendments  may  be  made  to  these 
By-Laws  on  recommendation  of  the  Council  by  a  two-thirds 
affirmative  vote  at  any  regular  meeting  of  the  Society. 
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The  publications  of  the  Society  can  be  obtained  from  the 
Secretary.  The  current  issues  are  distributed  gratuitously  to 
members  in  good  standing.  The  price  of  the  bound  volumes 
of  the  Proceedings  is  $2.50  to  non-members,  $2.00  to  public 
libraries,  and  $1.50  to  members  for  their  own  libraries. 

Reprints  of  papers  may  be  ordered  when  the  paper  is  in 
type  form,  and  either  with  or  without  covers,  at  a  price  de- 
pending upon  the  number  of  pages  and  copies  desired. 
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New  York  ]Meeting. 
June  24  to  June  26.  1909. 


The  Seventeenth  Annual  Meeting  of  the  Society  for  the 
Promotion  of  Engineering  Education  was  held  in  New  York 
City  during  the  week  of  June  21  to  June  27,  1909,  the 
various  sessions  being  held  at  Earl  Hall,  Columbia  University, 
New  York  City,  Pratt  Institute,  BrookhTi.  and  the  United 
Engineering  Societies  Building,  29  "^est  39th  Street,  New 
York  City. 


Thuesdat,  June  24. 


EARL   H.VLL,    COLUMBIA   UNIVERSITY. 

Afternoon  Session. 

The  meeting  was  called  to  order  on  Thursday  afternoon, 
June  24,  with  President  Frederick  E.  Turneaure,  dean  of 
the  College  of  Engineering,  University  of  "Wisconsin,  in  the 
Chair.  The  meeting  was  opened  by  an  address  of  welcome 
from  Mr.  "WUliam  Barclay  Parsons,  a  trustee  of  Columbia 
University.  !Mr.  Parsons  represented  President  Nicholas 
Murray  Butler,  who  was  unable  to  be  present.  Mr.  Parsons' 
address  was  responded  to  by  President  Turneaure. 

The  report  of  the  Treasurer  was  read  and  accepted.  At 
the  request  of  the  Treasurer,  Mr.  "William  0.  "Wiley,  the 
report  was  referred  to  an  auditing  committee.  Professors 
Hibbard,  Maurer  and  Constant  were  appointed  upon  this 
committee.  Next  the  report  of  the  Secretarj',  Professor  Ar- 
1  1 


Library 
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thur  L.  TVilliston.  was  read  and  accepted.  In  putting  the 
motion  the  Chairman  called  attention  to  the  very  gratify- 
ing growth  in  numbers  indicated  by  the  report. 

The  report  of  the  Committee  on  Technical  Books  for 
Libraries  was  presented  in  printed  form.  The  discussion 
brought  out  the  desirability  of  a  careful  revision  of  the 
report,  and  the  following  motions  were  carried : 

(Motion  1)  "That  the  report  be  referred  back  to  the  com- 
mittee for  revision  and  correction,  and  that  printed  copies  be 
distributed  among  the  members  of  the  Society  with  the  request 
that  they  send  suggestions  for  revision  or  correction  to  the 
committee'':  and  (Motion  2)  "That  the  committee  be  given 
power  to  enlarge  its  membership  as  may  seem  wise  to  the 
committee.''  The  discussion  on  these  motions  brought  out 
several  practical  suggestions,  as  follows:  (1)  That  the  sug- 
gestions of  practical  librarians  should  be  secured;  (2)  That 
the  work  should  be  subdivided,  with  specialists  in  each  of  the 
subdivisions  on  the  committee:  (3)  That  the  thanks  of  the 
Society  are  due  the  committee  for  the  large  amount  of  work 
already  done;  (4)  That  any  radical  revision  of  the  report  is 
impracticable  in  the  limited  time  available. 

The  next  topic  discussed  was  the  teaching  of  mathematics 
to  students  of  engineering.  Professor  E.  V.  Huntington 
described  the  work  accomplished  by  a  committee  appointed  by 
several  societies  in  Chicago  in  December,  1907.  Following 
the  discussion  of  Professor  Huntington's  report,  the  Secre- 
tary read  a  long  list  of  names  of  applicants  for  admission  to 
membership.  The  Secretary  was  instructed  to  cast  a  ballot 
for  all  of  the  names  read. 

Evenhxg  Session. 
President  Tumeaure  read  an  address  entitled  "  Present 
Tendencies  in  Technical  Education."  This  was  followed  by  a 
paper  on  "  Highway  Engineering."  by  [Mr.  L.  TV.  Page, 
Director  of  the  Office  of  Public  Roads,  United  States  Depart- 
ment of  Agriculture.  The  discussion  indicated  the  consider- 
able interest  taken  by  the  Society  in  highway  improvement. 
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Friday,  June  25. 

pratt  institute. 

Morning  Session. 
The  Society  was  welcomed  to  Pratt  Institute  by  Mr.  Fred- 
eric B.  Pratt,  executive  oflScer  of  the  institute.  Mr.  Pratt 
spoke  on  behalf  of  the  trustees  and  explained  the  underlying 
principles  of  this  important  foundation.  Mr.  Charles  B. 
Going,  editor  of  the  Engineering  Magazine,  then  read  a  paper 
on  the  "  Relation  of  Engineering  Education  to  Industries." 
Following  this  was  a  paper  by  Mr.  F.  W.  Taylor,  past-presi- 
dent of  the  American  Society  of  Mechanical  Engineers,  en- 
titled, "  Why  Employers  Dislike  College  Graduates."  These 
papers  contained  radical  suggestions  regarding  engineering 
education  and  provoked  animated  discussion. 

UNITED    ENGINEERING    SOCIETIES    BUILDING. 

Afternoon  Session. 

Professor  Louis  E.  Reber,  director  of  the  University  Ex- 
tension Department,  University  of  Wisconsin,  read  a  paper 
on  "  University  Extension  Work  in  Wisconsin."  Professor 
D.  C.  Jackson,  chairman  of  the  Joint  Committee  on  Engineer- 
ing Education,  presented  an  informal  report  of  the  work  of 
the  committee  to  date.  He  promised  a  full  report  at  the  next 
annual  meeting.  Following  were  three  papers  on  the  subject 
of  five-  and  six-year  engineering  courses.  These  were  "  The 
Length  of  an  Engineering  Course,"  by  Professor  Charles 
Derleth ;  ' '  Five  and  Six-year  Courses  in  Engineering 
Schools,"  by  Professor  Robert  Fletcher;  "  The  Five-year 
Courses,"  by  Professor  Wm.  T.  Magruder.  These  papers 
were  discussed  at  great  length.  Professor  Hugo  Diemer  then 
read  a  paper  on  "  Employers'  Requirements:  What  Qualifi- 
cations do  Employers  ]\Iost  Desire  from  Graduates  in  a  Course 
of  Mechanical  Engineering?" 

The  President  then  announced  as  the  Nominating  Commit- 
tee, Professors  Swain,  Eddy,  Allen,  Merriman  and  Fletcher. 
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Satueday,  June  26,  1909. 


EARL     HAT.T.,     COLUMBIA     UXITERSITY. 

Moryxing  Session. 

The  nominating  committee  presented  the  following  report 
and  the  Secretary  was  instructed  to  cast  one  ballot  for  the 
Society  for  the  names  as  read. 

For  President:  Professor  H.  S.  Munroe,  Columbia  Uni- 
versity. 

For  Vice-Presidents :  Professor  A.  X.  Talbot,  University  of 
Illinois,  and  Professor  A.  L.  "Williston,  Pratt  Institute. 

For  Secretary:  Professor  H.  H.  Xorris,  Cornell  University. 

For  Treasurer:  ^Mr.  "William  0.  "Wiley,  New  York. 

For  members  of  Council,  term  to  expire  1912 :  Professor  F. 
H.  Constant.  University'  of  Minnesota :  Dean  F.  A.  Goetze, 
Columbia  University ;  Professor  H.  "Wade  Hibbard,  University 
of  ^lissouri ;  Dean  John  H.  Leete.  Carnegie  Technical  Schools ; 
Professor  E.  R.  Maurer,  University-  of  "Wisconsin:  Professor 
John  C.  Ostrup,  Stevens  Institute :  Professor  Charles  R.  Rich- 
ards. Cooper  Union. 

The  committee  appointed  to  audit  the  report  of  the  Trea- 
surer reported  that  they  had  gone  carefully  over  the  books, 
accounts  and  vouchers  and  had  found  them  correct  and  satis- 
factory. The  report  of  the  committee  was  accepted.  The 
Secretary  then  read  a  long  list  of  names  of  applicants  for 
membership  which  had  been  duly  recommended  by  the  Coun- 
cil. The  list  was  approved  by  the  Society.  The  Secretary 
reported  the  registration  at  the  convention  as  103.  He  stated 
that  the  attendance  of  75  at  the  Cleveland  meeting,  was  the 
record  up  to  1907.  The  discussion  of  five-year  courses  was 
then  continued.  Dean  M.  E.  Cooley  then  presented  a  paper 
on  ''  Careers  of  the  Graduates  of  the  University  of  Mich- 
igan,"' illustrating  his  conclusions  by  tables  and  diagrams  and 
appending  a  list  of  quotations  from  letters  received  from 
graduates. 
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President-elect  Henr^-  S.  Mimroe  was  next  escorted  to  the 
platform  by  a  special  committee,  and  in  the  following  words 
accepted  the  responsibility  of  his  new  position : 

"  Mr.  President  and  Members:  The  action  of  your  Nomi- 
nating Committee,  and  my  election  by  the  Society,  comes  to 
me  as  a  complete  surprise,  and  I  can  only  say  that  I  appre- 
ciate the  honor  ven*  greatly.  I  shall  do  what  is  in  my  power 
to  advance  the  best  interests  of  the  Society.  I  have  been 
engaged  in  the  promotion  of  engineering  education  of  one 
kind  for  nearly  one  third  of  a  century-,  for  more  than  half  of 
my  life,  and  naturally  I  take  great  interest  in  the  main  object 
of  the  Society.  I  feel  that  not  only  has  the  Society  done  good 
work  in  the  past,  as  is  evidenced  by  the  long  row  of  blue 
volumes  that  stand  on  one  of  the  shelves  in  my  bookcase,  but 
that  we  are  entering  upon  an  even  greater  field  of  usefulness. 

"The  discussion  that  has  been  started  in  the  last  day  or 
two  in  regard  to  the  length  of  the  courses,  and  the  work  that 
is  being  done  by  a  special  committee  upon  the  details  of  an 
engineering  course,  promises  important  results,  ^e  have,  at 
Columbia,  at  different  times,  been  engaged  in  investigations 
of  that  character  with  accompanying  revisions  of  courses. 
This  has  occurred  in  aU  branches  of  engineering.  Speaking 
as  one  who  has  worked  in  that  field,  I  know  that  a  society 
such  as  this  wiU  certainly  accomplish  something.  I  am  proud 
to  be  able  to  take  part  in  these  labors  during  the  coming 
year. ' ' 

The  Secretary  then  made  the  suggestion  that  the  report  of 
the  Committee  on  Entrance  Requirements  presented  by  the 
Chairman,  Professor  J.  J.  Flather,  be  printed  as  an  advance 
of  a  paper  to  come  up  for  discussion  and  criticism  or  adoption 
at  the  next  annual  meeting.  A  motion  that  Professor  WiUis- 
ton's  suggestions  be  adopted  was  passed. 

The  program  of  the  annual  meeting  was  concluded  by  the 
reading  of  the  following  papers:  '*  The  Regulations  Governing 
Examinations,"  by  Professor  William  K.  Hatt  (read  in  full), 
"The  Requisite  Qualifications  of  an  Engineering  College  In- 
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structor,"  by  Mr.  Oliver  B.  Zunmerman,  and  "A  Summer 
School  in  Survejdng,"  by  Professor  Charles  Derleth,  Jr.  (the 
latter  two  read  by  title). 

In  conclusion  the  Committee  on  Resolutions  reported  the 
following  which  was  adopted  and  the  convention  adjourned. 

Resolution. 

The  Society  desires  to  place  on  record  an  appreciation  of 
the  many  courtesies  and  facilities  which  have  been  extended 
at  this  meeting  and  which  have  contributed  so  largely  to  its 
success,  and  to  the  convenience,  entertainment,  and  enjoy- 
ment of  the  members  and  guests  of  the  Society,  therefore 

Be  it  Besolved,  that  the  thanks  of  the  Society  be  tendered 
to  Columbia  University  and  to  Pratt  Institute,  for  providing 
places  of  meeting  and  for  hospitable  entertainment,  including 
the  use  of  the  dormitories  of  Columbia  University ;  that  thanks 
be  also  tendered  to  the  United  Engineering  Societies,  and  to 
the  Engineers'  Club  for  the  use  of  their  buildings,  and  to  the 
automobile  companies,  for  the  automobile  ride ;  and  that  most 
hearty  thanks  be  tendered  to  the  Colleges  of  New  York,  and  to 
the  friends  who  have  so  hospitably  contributed  to  the  pleasure 
and  enjojTnent  of  members  and  of  the  ladies  accompanying 
them  and  likewise  to  I\Irs.  Goetze  for  her  part  in  the  entertain- 
ment of  the  ladies. 

Signed, 

A.  N.  Talbot. 
F.  P.  Spalding, 
C.  F.  Allen, 

Committee. 


Secretary's  Report,  1908-1909. 
To  the  Society  for  the  Promotion  of  Engineering  Education: 

Your  Secretary  is  glad  to  report  that  the  affairs  of  the 
Society  are  in  a  most  prosperous  and  flourishing  condition. 
The  membership  at  the  close  of  the  last  annual  convention  was 
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675.  During  the  year  97  new  applications  have  been  received 
and  favorably  acted  upon.  During  the  year  also,  12  members 
resigned  and  but  one  death  has  been  reported,  making  a  total 
loss  of  but  13  members.  The  net  gain,  therefore,  is  84,  which 
makes  the  total  membership  of  the  Society  at  the  present 
time  759. 

The  growth  of  the  Society  during  the  past  ten  years  is  set 
forth  in  the  following  table: 

Table  Showixg  Gbowth  of  Membebshtp. 


Tear. 

Membership. 

Gain. 

Tear. 

Membership. 

Gain. 

1900 

249 

11 

1905 

379 

54 

1901 

260 

11 

1906 

415 

36 

1902 

253 

7  (loss) 

1907 

503 

88 

1903 

273 

20 

190S 

675 

172 

1904  325  52  1909  759  S4 

The  resignations  received  were  as  follows :  K.  B.  Brinsmade, 
C.  K.  Burger,  L.  M.  Haupt.  J.  V.  Hazen.  C.  F.  Mabery, 
L.  C.  Monin.  K.  E.  Myers.  E.  H.  PoweU.  H.  W.  Reynolds, 
L.  Eouillion,  C.  E.  Sherman,  and  C.  G.  TVrentmore. 

Thomas  Gray,  for  many  years  Professor  of  Dynamic  Engi- 
neering at  Rose  Polytechnic  Institute,  Terre  Haute,  Ind.,  for 
fourteen  years  a  member  of  this  Society,  one  of  its  past  vice- 
presidents,  and  twice  a  member  of  its  Council,  died  on  Decem- 
ber 19,  1908. 

In  conclusion  the  Secretary  wishes  to  thank  the  oflBeers  of 
the  Society  and  the  entire  membership  for  the  help  that  they 
have  given  him  in  carrying  on  the  routine  work  of  the  office 
and  iu  the  preparation  for  the  meetings:  and  also  for  their 
cordial  cooperation  in  extending  the  influence  of  the  Society 
by  bringing  the  many  advantages  of  membership  to  the  favor- 
able attention  of  those  outside  its  immediate  ranks. 

Respectfully  submitted. 

Abthur  L.  TVruLiSTOx, 

Secretary. 
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Treasurek's  Report,  1908-1909. 

To  the  Society  for  the  Promotion  of  Engineering  Education: 
The  Treasurer  would  respectfully  report  to  the  Society  the 
condition  of  its  finances,  as  follows: 

SUMMAKT   OF  EECETPTS. 

June  15, 190S,  Cash  balance  on  hand $  675.69 

June  15, 190S,  to  June  21,  1909, 

Eeceived  for  1908-9  dues 2,023.58 

Eeeeived  for  dues  prior  to  1908-9 192.00 

Eeceived  from  sale  of  volumes  of  "Proceedings" 260.75 

Eeceived  for  author 's  reprints 129.24 

Eeceived  interest  at  bank,  July  1,  1908,  January  8,  1909 . . .  15.89 

Total  receipts $3,297.15 

Summary  op  Expendittjees. 

Programs  and  badges  for  Detroit  meeting $  52.25 

Reporting  Detroit  meeting 76.00 

Expenses  of  Treasurer  for  stationery,  postage,  etc.    (including 

clerical   assistance) 165.77 

Expenses  of  Eetiring  Secretary,  Professor  Magruder 82.44 

Expenses  of  Secretary  for  printing,  postage  and  clerical  assist- 
ance (includes  expenses  campaign  for  new  members) 832.50 

Editorial  work,  Volume  XIV 100.00 

Secretary 's  honorarium  (two  years) 500.00 

The  New  Era  Printing  Company, 

For  Volume  X^^   ($1,000  paid  last  year) 136.16 

For  lists  of  members,  author's  reprints,  espressage,  etc. . . .  507.14 

Sterling  Engraving  Company,  cuts  for  Volume  XV 25.99 

Cash  on  hand  June  21,  1909 818.90 

$3,297.15 
Assets. 

June  21,  1909,  Cash  on  hand $  818.90 

Due  from  members  and  non-members 521.53 


$1,340.43 

Liabilities. 
June  21,  1909,  no  unpaid  bills  on  hand,  as  bills  for  printing  Volume  XVI. 
of  "Proceedings"  have  not  yet  been  submitted. 

The  cost  of  the  "Proceedings,"  Volume  XYI.,  will  be 
$795.92.  The  authors'  corrections  amount  to  $9  on  the  entire 
volume. 
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The  cost  of  the  reprints  for  the  New  York  meeting  is  $200. 
The  total  amount  due  the  society  is  $521.53,  as  compared 
with  $512.85  last  year.  There  are  6-1  members  one  year  in 
arrears;  23,  two  years;  6,  three  years;  3,  four  years;  and  3, 
five  years.  The  total  arrearage  in  membership-years  is 
(64  X  1)  +  (23  X  2)  +  (6  X  3)  +  (3  X  4)  +  (3  X  5)  =  155. 
This  corresponds  to  12-4  last  year.  The  number  in  arrears  one 
year  is  smaller,  but  the  number  in  arrears  two  years  is  larger 
than  a  year  ago. 

Respectfully  submitted, 
"William  0.  Wiley, 

Treasurer. 

The  following  applicants  were  admitted  to  the  Society  be- 
tween July  1,  1908,  and  July  1,  1909. 

Elected  by  letter  ballot  March  16,  1909 ;  W.  R.  Bry^ans,  L. 
E.  Conrad,  L.  N.  Daniels,  W.  Easby,  Jr.,  P.  N.  Evans,  E.  E. 
King,  0.  M.  Leland,  C.  L.  McMaster,  J.  A.  Pratt,  J.  I.  Stewart, 
0.  M.  Stewart,  F.  H.  Tibbetts,  W.  L.  Wilson  (13). 

Elected  by  the  Society  at  the  New  York  meeting:  W.  H. 
Adams,  P.  R.  Alger,  G.  F.  Ashley,  H.  N.  Benkert,  H.  S.  Bit- 
ting, A.  Boyd,  W.  H.  Bristol,  H.  B.  Brown,  H.  D.  Burghardt, 
J.  W.  Burley,  C.  A.  Cadwell,  J.  P.  Calderwood,  J.  A.  C.  Callan, 
C.  E.  Comstock,  R.  T.  Craig,  W.  B.  Creagmile,  G.  Crisson, 
N.  P.  Curtis,  James  C.  Davis,  John  C.  Davis,  F.  H.  Tibbetts, 
W.  E.  Dickinson,  C.  E.  Downton,  E.  V.  Dunstan,  S.  C.  Earle, 
T.  J.  Eyre,  H.  B.  Fine,  V.  R.  Fleming,  M.  M.  Foss,  L.  K. 
Frankel,  E.  H.  Freeman,  A.  H.  Gill,  M.  R.  Hammer,  C.  H. 
Harper,  C.  N.  Haskins,  A.  W.  Hendrick,  H.  H.  Higbie,  E.  C. 
Holden,  E.  G.  Hooper,  L.  W.  Irish,  C.  M.  Jansky,  A.  R.  John- 
son, V.  Karapetoff,  0.  A.  Kenyon,  V.  P.  Knott,  J.  P.  Kott- 
camp,  F.  A.  Laws,  C.  W.  Lawrence,  T.  K.  Lewis,  R.  C.  Mac- 
laurin,  L.  S.  :Marks,  T.  C.  Martin,  W.  J.  McAuliffe,  J.  R.  Mc- 
Connell,  W.  E.  McCourt,  C.  Mehely,  A.  C.  Mehrtens,  R. 
Meiklejohn,  H.  C.  Mitchell,  A.  H.  Nelson,  H.  Pender,  A.  A. 
Potter,  F.  R.  Pratt,  G.  D.  Pratt,  F.  0.  Price,  E.  Querbach, 
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D.  W.  Richards,  E.  F.  Roeber,  C.  H.  Sanford,  F.  H.  Sexton, 
S.  S.  Seyfert,  J.  B.  Shaw,  E.  M.  Shealy,  A.  G.  Smith,  L.  B. 
Smith,  C.  L.  Strobel,  C.  L.  Svensen,  S.  N.  Taylor,  C.  F. 
Thomas,  F.  F.  Thompson,  T.  C.  Ulbricht,  J.  G.  VanZandt, 
W.  D.  Weaver,  H.  L.  Whittemore  (84). 

SocL^L  Reunions. 

During  the  convention  there  were  planned,  thanks  to  the 
generosity  and  public  spirit  of  the  local  colleges  and  educa- 
tional institutions  and  a  number  of  the  friends  of  the  Society, 
a  number  of  social  gatherings  at  which  the  members  of  the 
Society  who  attended  the  convention  had  the  most  delightful 
opportunity  of  meeting  their  friends  in  an  informal  way,  of 
renewing  old  acquaintances  and  of  making  many  new  ones. 

The  first  of  these  was  an  informal  reception  or  "  smoker  " 
with  refreshments,  tendered  to  the  members  of  the  Society  by 
the  Trustees  of  Columbia  University  on  the  Columbia  campus 
between  Earl  Hall  and  the  Faculty  Club,  which  was  given  on 
Thursday  evening,  June  24th,  immediately  following  the  ses- 
sion at  which  the  President's  address  was  delivered.  The 
grounds  on  this  portion  of  the  campus  were  beautifully 
decorated  with  Japanese  lanterns,  and  tables  were  distributed 
under  the  trees  around  which  groups  of  friends  gathered  to 
renew  old  associations. 

Reception  at  Pratt  Institute. 

At  the  close  of  the  session  on  Friday  morning,  June  25th, 
which  was  held  at  Pratt  Institute,  Brooklyn,  the  Trustees  of 
Pratt  Institute  tendered  the  members  of  the  Society  an  infor- 
mal reception  and  luncheon  on  the  first  floor  of  the  Chemistry 
Building  as  an  appropriate  and  refreshing  conclusion  to  an 
interesting  visit  through  the  shops  and  laboratories  of  the 
Institute. 

After  the  luncheon,  the  members  took  the  subway  trains  to 
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the  Building  of  the  United  Engineering  Society  where  the 
afternoon  session  was  held. 

Banquet  and  Theatre  Party. 

The  most  formal  and  one  of  the  most  successful  occasions 
of  the  social  gatherings  of  the  Society  was  the  banquet  for  the 
members  given  in  the  main  dining  room  of  the  Engineer's 
Club  at  which  the  chef  and  members  of  the  House  Committee 
of  the  club  quite  outdid  themselves  in  their  endeavor  to  show 
that  teachers  of  engineering  were  most  welcome  guests  at  the 
club. 

Immediately  after  the  banquet,  the  members  met  the  ladies 
who  were  attending  the  convention  and  who  had  been  escorted 
downtown  from  a  dinner  party  planned  for  them  at  Columbia 
by  Mrs.  Goetze.  Together,  they  proceeded  to  the  Roof  Garden 
of  the  New  York  Theatre  where  a  most  enjoyable  evening  was 
spent.  And  then  after  the  theatre,  many  proceeded  for  an 
informal  gathering  at  the  Hotel  Astor,  across  the  street,  before 
the  party  dispersed  for  the  evening. 

Besides  these  welcome  interruptions  to  the  more  serious 
work  of  the  convention  provided  for  the  members  of  the 
Society  and  for  which  provision  was  made  on  the  program, 
there  was  even  a  greater  number  of  events  planned  for  the 
entertainment  of  the  ladies  who  attended  the  convention, 
which  included  among  other  things  a  trip  down  the  harbor,  an 
automobile  ride,  luncheon  and  a  dinner  party. 

And  still  another  feature  of  the  New  York  convention  which 
added  much  to  the  comfort  and  general  enjoyment  for  a  great 
many  of  the  out-of-town  members  was  the  hospitality  of  Co- 
lumbia University  in  throwing  open  one  of  its  finest  dormi- 
tories for  the  Society  and  putting  the  rooms  at  the  disposal 
of  members  and  their  families  without  charge.  Here  everyone 
who  applied  was  made  comfortable  and  suites  of  two  or  three 
rooms  were  reserv^ed  for  members  who  were  attended  by 
ladies.    The  opportunity  thus  offered  for  the  informal  life  in 
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the  dormitories  on  the  Columbia  Campus  and  the  pleasure  it 
afforded  during  the  busy  week  of  the  convention  will  be  well 
remembered  as  one  of  the  things  which  contributed  greatly  to 
the  social  success  of  the  meeting  of  1909, 

The  above  minutes  are  herewith  respectfully  submitted  to 
the  Society. 

Henry  H.  Norris, 
Secretary. 


ADDRESS  OF  WELCOME. 

(ON  BEHALF  OF  COLUMBIA  UNIVERSITY.) 

BY  ilE.  WILLIAM  BAECLAY  PAESONS, 
Trustee  of  the  University. 

Mr.  President  and  Members  of  the  Society:  It  is  my  very 
pleasant  duty,  on  behalf  of  the  president  of  this  universitj^  and 
the  board  of  trustees,  to  bid  you  all  welcome.  I  assure  you 
that  I  have  but  one  regret,  which  is  that  the  greeting  could 
not  have  been  extended  to  you  by  the  president  himself,  be- 
cause I  know  that  nothing  would  have  given  him  greater  plea- 
sure. In  his  absence  you  will  permit  me  to  add  to  my  official 
greeting  on  behalf  of  the  university,  my  own  personal  good 
wishes  as  a  worker  in  the  field  of  the  profession,  and  as  a 
graduate  in  engineering  of  this  university.  I  am  confident 
that  I  can  promise  that  while  you  are  here,  that  my  good 
friend.  Dean  Goetze,  will  do  all  in  his  power  to  make  you 
comfortable  and  happy.  I  sincerely  hope  that  your  delibera- 
tions will  meet  with  the  greatest  success. 

The  objects  of  your  Society  to  promote  a  betterment  in 
engineering  education  are  second  in  importance  to  none.  The 
education  of  an  engineer  is  probably  more  complex  and  diffi- 
cult than  the  education  of  any  other  professional  man.  That 
education  approaches  perfection  in  direct  ratio  as  you  gentle- 
men are  able  successfully  to  mingle  the  seemingly  irrecon- 
cilable factors  of  theory  and  practice;  of  science  and  art.  I 
use  the  word  seemingly  advisedly,  for  it  is  probable  that  the 
devotees  of  art,  for  instance,  would  treat  with  scorn  the  idea 
that  art  is  in  any  way  connected  with  science.  And  yet  art  is 
only  good  when,  in  its  last  analysis,  it  obeys  the  canon  of  its 
o\\-n  scientific  criticism,  and,  certainly,  practice  can  only  be 
good  when  it  is  founded  upon  the  most  drastic  theory. 

But,  Mr.  President  and  gentlemen,  it  is  not  for  me  to  tell 
professors  about  their  own  chosen  work,  but  it  is  for  me,  as  a 
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working  member  of  the  profession,  to  express  to  you  the 
obligations  of  every  man  in  the  profession  for  the  services  that 
you  and  your  colleagues  are  rendering  to  us  all.  I,  therefore, 
acknowlege,  on  behalf  of  the  profession,  the  great  debt  that 
we  all  owe  you,  and  men  like  you,  who  are  willing  to  put 
behind  them  the  attractive  excitement  of  work  in  the  field ;  to 
forego  also  all  the  chances  for  the  higher  financial  rewards  of 
the  profession ;  in  order  to  devote  their  whole  lives  quietly  in 
their  class  rooms  that  others  may  learn.  In  speaking  of  the 
profession  at  large,  I  also  include  myself.  I  am  very  glad  to 
avail  myself  of  this  opportunity  to  publicly  acknowledge  that 
whatever  measure  of  success  I  have  attained  in  the  profession 
is  due  entirely  to  those  of  your  forerunners  who  gave  me  my 
education. 

Gentlemen,  you  will  allow  me  again  to  wish  you,  in  your 
deliberations  and  in  your  conferences,  every  possible  success; 
and  to  assure  you  that  whatever  we  here  at  Columbia  have  is 
yours  to  command  just  as  long  as  you  want  to  stay.  What- 
ever hospitality  we  can  offer  is  offered  gladly,  because  it  is 
but  a  very  small  acknowledgment  of  the  benefit  that  is  bound 
to  accrue  to  this  University  as  a  result  of  your  meeting  here. 

Once  more,  gentlemen,  on  behalf  of  Columbia,  I  bid  you  all 
welcome;  yea,  I  may  say  to  each  and  every  one  of  you  per- 
sonally, thrice  welcome. 
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(ON  BEHALF  OF  PRATT  INSTITUTE.) 

BY  ME.  FEEDERIC  B.  PEATT, 
Executive  Secretary,  Pratt  Institute. 

Mr.  President  and  Gentlemen: 

Our  trustees  have  asked  me  to  extend  to  you  in  their  behalf 
a  very  cordial  welcome  to  Pratt  Institute.  It  has  seemed  to 
them  that  your  Society,  more  than  most  of  the  other  engineer- 
ing societies,  would  be  interested  in  the  problems  we  are 
trying  to  work  out,  because  you  are  perhaps  more  interested 
in  education  than  you  are  in  engineering.  I  shall,  therefore, 
take  pleasure  in  telling  you  briefly  of  the  early  work  of  the 
Institute,  of  the  idea  for  which  it  stands,  and  of  the  story  of 
how  it  came  into  being. 

The  founder  was  a  self-made  man,  brought  up  on  a  farm, 
but  started  early  in  life  as  a  machinist.  He  was  ambitious 
for  an  education,  but  found  great  difficulty  in  finding  any 
place  where  he  might  study.  All  the  schools  were  closed  at 
night,  which  he  felt  to  be  a  mistake,  and  he  determined  that, 
if  he  were  ever  in  a  position  to  provide  for  other  boys  the 
opportunities  that  he  wanted  and  that  were  denied  him,  he 
would  do  it. 

I  think  no  one  realized  that  this  desire  was  in  his  mind,  until 
along  late  in  life  he  began  to  study  the  question  of  industrial 
education  and  tried  to  work  out  some  practical  plan  for  mak- 
ing it  available  for  the  young  men  and  women  who  were 
anxiously  looking  for  help  and  training  to  make  them  more 
skilled  workers.  The  Institute  was  organized,  therefore,  to 
meet  a  very  real,  human  need,  which  the  founder  understood 
through  a  personal  experience. 

A  generation  ago,  industrial  education  was  an  experiment  in 
this  country.     It  had  been  established  in  Europe,  but  there 
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■was  very  little  of  it  here,  other  than  manual  training  or  engi- 
neering work.  Mr.  Pratt  felt  that  there  was.  between  the 
manual  training  on  the  one  hand  and  the  engineering  on  the 
other,  the  need  for  a  t^'pe  of  work  that  might  help  large  num- 
bers of  students  who  wanted  to  fit  themselves  to  work  along 
industrial  lines.  Manual  training  instruction  was  confined 
largely  to  the  public  and  private  schools  and  was  not  especially 
helpful  in  fitting  a  boy  for  industrial  work.  Engineering 
instruction,  on  the  other  hand,  was  too  far  removed  from  the 
possibilities  of  the  ordinary  boy  who  left  school  from  thirteen 
to  fifteen  years  of  age  and  who  was  not  prepared  to  meet  the 
entrance  requirements  of  the  colleges.  Such  a  boy  needed  a 
place  where  he  could  get  the  elements  of  technical  training 
that  would  prepare  him  specifically  for  some  form  of  skilled 
labor. 

The  Institute  was  started  to  do  this  work.  It  began  in  a 
small  way  with  twelve  pupils,  one  director,  and  one  instructor. 
The  director  came  to  Mr.  Pratt  the  morning  that  the  school 
opened  and  said:  "Mr.  Pratt,  I  hope  you  won't  be  dis- 
couraged. I  know  you  have  put  a  lot  of  money  into  building, 
equipment,  and  endowment,  and  it  is  too  bad  not  to  have  more 
students  at  the  start. "  "  That 's  all  right, ' '  said  the  founder, 
' '  I  would  rather  have  twelve  than  fifty,  for  we  know  what  to 
do  with  small  numbers,  and,  if  we  do  the  absolutely  square 
thing  by  these  twelve,  we  shall  have  twenty-four  next  month, 
forty-eight,  the  next,  and  that's  the  7'igJit  way  to  grow."  It 
was  not  a  discouragement  to  him,  and.  fortunately,  it  was  not 
a  discouragement  to  those  who  were  identified  with  the  work 
in  those  early  days.  In  fact.  I  think  of  it  as  one  of  heaven's 
peculiar  wonders  that  we  had  the  advantage  of  having  a  small 
number  of  students  to  begin  with.  It  kept  us  simple  in  our 
ideas  and  helped  us  to  keep  our  attention  on  the  pupil  and  his 
actual  needs  and  possibilities. 

And  so,  year  after  year,  the  work  has  gone  on  growing,  as 
predicted  by  the  founder,  our  students  have  incerased  in  num- 
bers, the  work  has  increased  in  extent,  and  we  have  a  constantly 
increasing  opportunity  for  rendering  a  greater  service.  I 
have  known   a   number  of  schools   that   have   started  from 
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private  foundations,  given  by  men  who  have  had  large  means, 
with  the  hope  that  the  schools  should  do  what  this  school  has 
done.  Frankly,  I  think  that  they  have  made  mistakes  in  try- 
ing to  start  '"full-fledged"  with  the  idea  that  such  work  could 
be  created  in  a  night.  Now,  as  you  know,  school  work  is  a 
growth.  It  cannot  be  developed  by  advertising,  nor  can  it  be 
created  and  spread  over  the  country-  in  a  single  day.  like  some 
newly-patented  article.  In  school  work  the  foundations  must 
be  laid  broad  and  deep,  and  one  must  be  ver>-  patient  in  look- 
ing for  results. 

It  is  true  that  the  early  years  of  our  life  here  were  full  of 
experiment — we  don't  experiment  as  much  now,  though  we 
are  willing  to  change  and  do  change  to  meet  new  conditions 
and  as  we  get  more  light  on  our  problems  and  as  we  discover 
better  ways  by  experience — but  our  experiments  were  always 
an  effort  to  find  the  best  way  to  teach  industrial  subjects  and 
the  best  way  to  meet  the  needs  of  students,  and  never  an  effort 
to  find  a  new  field  of  work.  It  seems  to  me  that  this  holding 
to  the  original  purpose  of  the  founder  has  built  up  a  confidence 
on  the  part  of  the  public  both  in  our  integrity  of  purpose  and 
in  our  perseverance  in  carrying  out  our  ideas.  The  per- 
manency of  our  plan  has  become  one  of  the  quiet,  underlying 
influences  of  this  place,  and  those  who  have  come  here  have  felt 
it  and  have  naturally  been  modified  by  it. 

But  the  founder  had  another  idea  than  his  plan  to  develop 
technical  education  of  a  secondary  grade.  He  believed  that 
all  training,  of  whatever  kind,  should  be  himian  training. 
He  recognized  that  each  boy  and  each  man  is  a  himian  being 
and  that  the  only  way  to  get  service  from  him  is  to  treat  him 
as  a  human  being.  He  gave  to  us  early  the  advice  that  became 
the  motto  of  the  institution:  "'Be  true  to  your  work  and  your 
work  will  be  true  to  you."  This  idea  of  the  work  as  the 
expression  of  character  of  the  student  has  been  a  favorite  one 
with  us.  "We  try  to  develop  in  our  students  character,  integ- 
rity and  the  right  spirit  towards  their  work  and  towards  their 
fellow  men.  That  purpose  is  the  founder's  invaluable  legacy 
to  us. 

As  you  know,  many  private  institutions  are  organized  in 
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such  a  way  that  they  are  too  far  removed  from  the  man  who 
starts  them.  The  man  gives  the  money  and  says  ' '  Go  ahead, 
build  your  buildings  and  get  somebody  to  direct  your  work 
and  I  will  supply  the  funds."  But  too  frequently  the  indi- 
vidual has  left  out  of  his  work  his  own  personality.  Now.  the 
founder  of  this  institution  put  into  it  his  own  personality, 
which  is  worth  more  to  us  than  our  endowment  and  which  we 
must  keep  in  our  work  at  any  cost. 

The  Institute  is  organized  in  a  rather  peculiar  way.  As  a 
member  of  the  familj",  as  one  of  the  founder's  sons,  it  was 
my  good  fortune  to  be  asked,  early  in  its  history,  to  act  as  its 
executive  secretary. 

My  pei'sonal  training  had  not  been  along  engineering  or 
technical  lines,  and  I  rather  questioned  the  wisdom  of  putting 
the  management  of  an  institution  of  this  kind  into  the  hands 
of  a  lajTuan.  Experience  has  shown,  however,  that,  by  pro- 
tecting ourselves  by  the  engagement  of  able  instructors  and 
strong  men,  leaders  in  their  particular  fields  of  work,  we 
have  been  able  to  build  up  a  stronger  organization  than  we 
could  have  built  by  placing  at  the  head  of  the  work  one  indi- 
vidual, however  strong  he  might  have  been  intellectually  or 
however  well  prepared  from  the  scientific  standpoint.  We 
have  developed  a  better  form  of  organization  and  have  secured 
greater  freedom  of  action  than  have  most  schools.  Such  an 
organization  has  made  possible  great  freedom  for  the  directors 
of  our  various  schools,  and  I  hope  that  this  liberty  may  always 
be  given  them.  The  trustees  have  kept  in  close  touch  with 
the  directors,  have  been  interested  in  their  problems,  and  have 
helped  them  as  far  as  they  have  been  able  to  do  so. 

I  wish  that  I  could  in  some  adequate  way  present  to  you  the 
feeling  that  our  trustees  have  towards  this  work,  their  intense 
loyalty  to  it  and  their  deep  personal  interest  in  it.  "We  find 
this  same  feeling  towards  the  school  on  the  part  of  our  teachers 
and  students.  I  do  not  speak  with  any  degree  of  false  pride, 
but  with  a  sense  of  intense  gratitude  that  what  we  have  been 
trying  to  do  is  understood  and  appreciated  by  our  own  people. 

In  conclusion,  gentlemen,  I  wish  to  extend  to  you  once  more 
a  most  cordial  welcome  to  this  place. 


RECENT    DEVELOPMENTS    AND    PRESENT   TEN- 
DENCIES   IN    TECHNICAL    EDUCATION. 

BY  DEAX  FKEDERICK  E.  TUENEAUKE, 
President  of  the  Society. 

The  general  trend  of  technical  education  in  this  country 
has  been  so  well  recorded  from  time  to  time  in  the  papers 
which  have  been  presented  before  this  Society,  that  the 
speaker  hesitates  to  discuss  a  subject  which  must  involve,  to 
a  considerable  extent,  a  further  review  of  this  development. 
It  seems  to  him,  however,  that  there  are  reasons  why  the 
present  is  in  some  ways  a  significant  period  in  technical  edu- 
cation, and  that  the  development  of  the  next  decade  will  be 
along  somewhat  different  lines  from  that  of  the  one  just  past. 
There  appear  to  be  reasons  why  there  will  be  a  less  strenuous 
growth  in  numbers  and  in  material  equipment;  that,  in  some 
respects,  the  technical  schools  of  the  country  have  reached  a 
condition  of  comparative  stability,  and  during  the  next  decade 
are  likely  to  develop  along  other  lines.  Not  without  signifi- 
cance in  this  connection  is  the  fact  that  in  the  industrial 
world  the  supply  of  young  engineers  has  at  last  overtaken  the 
demand.  While  this  condition  probably  will  not  obtain  for 
any  great  length  of  time,  the  present  enormous  producing  ca- 
pacity of  the  technical  schools  and  the  very  large  number  of 
engineers  in  practice  now  as  compared  to  a  decade  ago,  cre- 
ates a  situation  in  which  a  sudden  increase  in  demand  can 
be  met  much  more  readily  than  in  the  past.  In  a  word  it 
would  appear  that,  on  the  whole,  there  is  likeh^  to  be  much 
keener  competition  of  merit  in  the  lower  ranks  of  the  profes- 
sion in  the  future  than  has  existed  for  some  years  in  the  past. 

Considering  both  the  number  of  engineering  schools  which 
have  developed  into  institutions  of  importance  and  the  attend- 
ance upon  engineering  schools  as  a  whole,  it  may  be  said  that 
the  great  growth  in  technical  education  has  occurred  during 
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the  past  decade.  Previous  to  this  time  the  increase  in  attend- 
ance had  been  relatively  slow  and  confined,  mainly,  to  a  few 
of  the  older  institutions,  but  during  the  past  ten  years  a  very 
large  number  of  schools  which  previously  had  had  small  attend- 
ance, small  resources,  and  small  faculties,  have  become  largely 
attended,  and  have  developed  their  facilities  in  every  way. 
It  is  safe  to  say  that  at  the  present  time  there  are  as  many 
as  30  institutions  in  this  country'  which  have  an  attendance 
of  over  500  engineering  students  each,  as  compared  to  two  or 
three  such  institutions  a  decade  ago.  In  a  large  percentage 
of  these  the  attendance  ranges  between  750  and  1,200.  while 
in  three  or  four  it  exceeds  the  latter  number.  The  total  num- 
ber of  engineering  students  in  American  schools  has  probably 
trebled  during  the  past  ten-year  period.  The  growth  in  tech- 
nical education  in  this  country  is  also  well  shown  by  the  in- 
crease in  membership  in  this  Society,  which  has  grown  from 
less  than  200  in  1898  to  750  at  the  present  time. 

It  is  also  significant  that  a  similar  growth  in  technical  educa- 
tion has  taken  place  in  Europe  and  in  particular  in  the  Ger- 
man technical  schools.  The  rapid  development  of  these  schools 
began  somewhat  earlier  than  in  this  country,  dating  from 
about  1893.  It  was  verj-  rapid  up  to  about  1903,  the  attend- 
ance increasing  from  a  total  of  about  7,600  in  1893  to  18,700  in 
1903,  in  the  ten  schools  of  first  rank  in  Germany  and  Switzer- 
land. Since  the  latter  date  the  increase  has  been  less  rapid, 
corresponding  somewhat  to  what  is  likely  to  be  true  of  insti- 
tutions in  this  country-  for  the  nest  few  years. 

The  general  causes  underlying  this  great  development  in 
technical  education  are  well  known  and  need  not  be  enumer- 
ated. A  great  demand  has  existed  for  technically  trained 
men.  We  have  been  busy  meeting  this  demand  as  best  we 
could  and  indeed,  perhaps,  have  done  our  part  towards  en- 
couraging and  developing  such  demand.  The  value  of  school 
education  to  the  technical  man  no  longer  needs  to  be  sup- 
ported by  argument.  However,  as  there  has  now  come  a 
slackening  in  this  demand — the  first  in  many  years — and  the 
supply  bids  fair  to  be  temporarily  in  excess,  it  may  be  a 
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favorable  time  to  take  a  survey  of  our  work  during  this 
strenuous  decade,  and  to  note  as  we  may  some  of  the  more 
important  factors  in  this  development  and  their  bearing  upon 
the  tendencies  of  the  future. 

Perhaps  the  most  significant  and  far  reaching  fact  in  this 
development  is  that  of  the  growth  in  numbers  itself.     This 
enormous  growth  in  the  number  of  students  studying  engi- 
neering has  attracted  attention  on  the  part  of  everyone  in- 
terested in  higher  education.    It  has,  in  fact,  had  far-reaching 
effects,  not  only  upon  the  industrial  life  of  the  country,  but 
also   upon   other  callings   and   professions.      It   has   greatly 
affected   the   balance   of   educational   development   in   many 
ways,  and  has  had  its  influence  even  on  the  problems  of  co- 
education.    It  has  doubtless  caused  some  worry  to  university 
presidents  and  especially  to  those  educators  primarily  inter- 
ested in  the  older  type  of  education.     Taken  with  other  pro- 
fessional and  vocational  courses  of  recent  development  there 
would  seem  to  be  little  encouragement  for  the  more  liberal 
education.    Is  it  true,  as  some  fear,  that  higher  education  is 
coming  to  be  hopelessly  vocational  in  all  directions?     The 
speaker  will  not  attempt  to  answer  the  question,  but  he  will 
say  that  he  is  not  alarmed  for  the  future.    Whatever  may  be 
the  apparent  effect  in  this  respect,  it  is  undoubtedly  true  that 
this  great  growth  in  numbers  and  in  relative  importance  has 
had  a  very  beneficial  and  far-reaching  effect  upon  technical 
education  itself.    Such  a  development  has  placed  the  engineer- 
ing departments  of  our  universities,  and  engineering  education 
as  a  whole,  in  quite  a  different  relative  position  in  the  educa- 
tional world  from  what  they  formerly  occupied.     Measured 
by  numbers  alone,  the  importance  of  the  engineering  school  is 
very  much  greater  than  formerly  and  this  condition  demands 
and  receives  much  more  consideration  for  the  problems  of 
engineering  education  on  the  part  of  all  concerned.     These 
problems  have  thus  forced  themselves  upon  the  attention  of 
our   oldest   and   most   exclusively   classical   institutions.      In 
some  of  these,  courses  of  engineering  have  been  added,  and  in 
others,  inadequate  courses  have  been  developed.    The  engineer- 
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ing  faculty  and  the  engineering  courses  have  come  to  be  of 
much  greater  relative  importance  everj-where  and  the  aims  of 
engineering  teachers  and  the  educational  value  of  the  funda- 
mental engineering  subjects  are  better  appreciated  bv  our 
literar\'  and  scientific  colleagues.  Doubtless,  also,  there  has 
been  some  improvement  in  the  fundamental  character  of 
engineering  education.  Kesponsibility  encourgaes  efficiency, 
and  it  would  be  strange  if  the  growing  importance  of  the 
engineering  departments  had  not  reacted  upon  these  depart- 
ments themselves  in  a  beneficial  manner.  However  this  may 
be,  it  is  unquestionably  true  that  the  engineering  department 
and  the  engineering  faculty  occupy  a  position  in  our  large  uni- 
versities of  much  greater  relative  dignity  and  importance 
than  a  few  years  ago.  It  may  be  conservatively  estimated  that 
at  least  one  half  of  the  young  men  who  are  enrolled  in  the 
universities  of  the  country-,  taken  as  a  whole,  in  which  engi- 
neering instruction  is  well  developed,  are  registered  in  the 
engineering  courses.  In  many  large  institutions  the  propor- 
tion is  much  larger  than  this. 

The  changes  in  the  standard  courses  of  instruction  which 
have  taken  place  in  the  past  ten  years  are  considerable,  but 
not  so  great  as  might  be  supposed.  The  pages  of  the  publica- 
tions of  this  society'  describe  many  courses  and  modifications 
of  courses,  and  experiments  in  matter  and  methods.  However, 
in  turning  over  the  pages  of  school  catalogues  of  ten  years 
ago,  it  is  apparent  that  the  changes  in  the  curriculum  which 
have  occurred  in  this  period  are  not  ver\'  great,  and  Yerr 
much  less  than  the  changes  which  occurred  during  the  pre- 
vious decade.  The  cause  of  this  apparent  stabilitj^  of  the  regu- 
lar four-year  courses  is  not  far  to  seek.  The  principal  reason 
is  that  the  entrance  requirements  to  these  courses  have  re- 
mained substantially  fixed  during  this  period  in  most  of  the 
institutions  which  are  now  attended  by  large  numbers  of  stu- 
dents. The  significance  of  this  fact  is  important,  both  with 
respect  to  recent  growth  and  to  the  direction  of  future  devel- 
opment. The  essential  fact  is  that  a  large  majority  of  the 
larger  universities  and  technical  schools   now   require,   and 
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have  required  for  some  years,  substantially  a  full  four-year 
high  school  course  for  entrance.  While  this  requirement  is 
more  or  less  modified  in  some  institutions,  yet  it  may  fairly 
be  said  that  this  statement  correctly  represents  the  require- 
ments in  institutions  in  which  a  very  large  majority  of  the 
engineering  students  are  now  registered. 

The  question  of  entrance  requirements  has  received  atten- 
tion, and  the  general  tendency  has  been  to  increase  them 
where  practicable.  Schools  having  lower  requirements  than 
those  above  mentioned  have  rapidly  come  to  this  standard, 
and  in  a  few  cases  the  requirements  in  some  studies  have  been 
raised  somewhat  beyond  this  point.  It  appears  to  the  speaker, 
however,  that  for  the  great  majority  of  schools,  and  especially 
the  state  universities,  it  will  not  be  right,  expedient,  or  possible, 
to  require  of  the  secondary  school  more  than  can  fairly  be 
covered  in  a  four-year  high  school  course.  So  long  as  students 
are  admitted  to  the  engineering  course  directly  from  the  pre- 
paratory school  the  specific  requirements  for  admission  must 
be  closely  related  to  the  general  college  requirements  and  to 
the  requirements  of  a  well-balanced  high  school  course.  It  is 
possible  for  engineering  departments  and  colleges  to  make 
their  requirements  considerably  greater  in  mathematics  than 
the  requirements  for  admission  into  colleges  of  liberal  arts, 
and  still  not  to  exceed  what  can  be  taught  in  a  four-year  high 
school  course.  Relatively  high  specific  requirements  are  in 
force  in  a  few  institutions,  but  such  differentiation  cannot  be 
carried  far,  and  experience  in  some  institutions  leads  to  the 
conclusion  that  results  thus  obtained  are  not  altogether  satis- 
factory, even  from  the  standpoint  of  the  engineering  school 
itself.  From  the  standpoint  of  the  public  high  school,  high 
specific  requirements  for  technical  courses  are  of  doubtful 
wisdom,  and  are  likely  to  be  especially  difficult  to  enforce  in 
state  universities  where  the  institution  constitutes  a  part  of 
the  public  school  system.  Preparation  in  mathematics  is,  to 
a  large  extent,  the  determining  factor  with  respect  to  the 
engineering  curriculum,  and  this  is  the  subject  which  the 
technical  school  wishes  to  see  carried  as  far  as  possible  in  the 
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preparatory  course.  Experience  seems  to  indicate,  however, 
that  it  is  not  easy  to  secure  good  high  school  instniction  in 
advanced  algebra  and  in  some  parts  of  trigonometry.  It  is  a 
question  whether,  even  for  the  engineering  student,  it  is  not 
better  that  he  shall  emphasize  language  and  literature  in  his 
high  school  course  rather  than  extend  his  mathematics  beyond 
a  certain  reasonable  minimum. 

Considering  all  these  factors,  it  appears  that  there  exists  a 
very  good  reason  why  entrance  requirements  have  not  materi- 
ally advanced  in  the  past  few  years  and  why  they  are  not 
likely  to  advance  in  the  future,  so  far  as  admitting  students 
directly  from  the  high  school  is  concerned.  Some  improv- 
ment  will  doubtless  be  made  in  the  character  of  the  high  school 
instruction,  but  the  four-year  public  high  school  course  is 
bound  to  control  for  many  years  to  come  the  entrance  into 
our  colleges  and  into  some  departments  at  least  of  the  uni- 
versities. 

"VThere  entrance  requirements  have  remained  nearly  sta- 
tionary, no  great  or  fundamental  change  could  be  expected 
in  the  engineering  curriculum.  Educational  experiments 
have  been  tried  m  many  ways.  Notable  among  these  have 
been  the  tendency  toward  a  greater  or  a  lesser  degree  of 
specialization,  to  the  teaching  of  practice  to  a  greater  or  to  a 
less  extent,  to  the  introduction  or  exclusion  of  certain  general 
studies  such  as  language,  economics,  history,  etc.  In  some 
schools  general  courses  have  finally  been  divided  into  two  or 
more  engineering  courses,  and  in  other  schools  highly  differ- 
entiated courses  have  been  brought  closer  together.  On  the 
whole,  it  is  probably  true  that  there  is  less  difference  among 
the  several  courses  than  was  the  case  a  few  years  ago.  !More 
thermodynamics  and  electricity  are  being  taught  to  civil  engi- 
neers, and  the  electrical  and  mechanical  engineers  are  receiv- 
ing more  instruction  in  materials,  hydraulics  and  structures. 
Eeeently  an  attempt  has  been  made  in  a  university  to  arrange 
a  single  course  which  would  provide  for  civil,  mechanical  and 
electrical  engineers  together,  but  two  courses  were  finally 
found  necessary.     There  seems  to  be  a  logical  and  fairly  weU 
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defined  line  between  the  group  of  studies  best  suited  for  the 
civil  engineer,  the  one  who  deals  mainly  with  static  structures, 
and  the  group  of  studies  best  suited  for  the  mechanical  and 
electrical  engineer,  who  deals  more  particularly  with  machin- 
ery and  the  transmission  of  power.  The  differentiation  be- 
tween the  mechanical  and  electrical  engineer  is  less  important, 
and  there  appears  to  be  at  the  present  time  a  tendency  towards 
a  closer  agreement  between  these  two  courses.  Outside  of  these 
courses,  the  course  in  mining  holds  its  old  status,  but  in  ap- 
plied chemistry  there  has  been  a  considerable  development  in 
the  form  of  courses  in  chemical  engineering,  electro-chemistry 
and  ceramics.  There  appears  to  be  real  and  permanent  de- 
mand for  this  new  differentiation. 

The  subject  of  academic  degrees  has  received  its  due  share 
of  attention,  but  seems  to  be  in  as  uncertain  status  as  ever. 
It  is  hoped  that  the  recently  appointed  committee  of  this 
Society  may  be  able  to  recommend  something  which  will 
assist  in  clarifying  the  situation. 

In  equipment  a  verv'  great  advance  has  been  made  in  the 
past  ten  years,  especially  in  institutions  that  have  had  a  large 
growth  during  that  period.  This  improvement  has  been  so 
satisfactory  and  noteworthy  that,  for  instructional  purposes, 
it  may  be  said  that  the  equipment  in  most  of  the  large  insti- 
tutions, and  in  many  of  the  smaller  ones,  leaves  little  to  be 
desired.  Ten  years  ago  very  few  institutions  were  supplied 
with  suitable  quarters  in  any  respect.  Now  nearly  all  possess 
fine  buildings  for  recitation  rooms,  offices  and  drafting-rooms, 
and  are  provided  with  well  equipped  laboratories.  Funds 
for  these  purposes  have  been  generously  supplied.  The 
engineering  building,  or  group,  and  the  engineering  college, 
or  department,  have  come  to  be  a  large  unit  in  university  life. 

When  we  come  to  the  faculties  it  is  doubtful  if  as  favor- 
able statement  can  be  made  as  with  respect  to  equipment. 
The  tendency  to  wholesale  methods  of  administration,  where 
large  numbers  of  students  are  concerned,  is  hard  to  resist, 
especially  when  money  is  scarce,  and  the  maintenance  of  a 
proper  relation  between  the  number  of  professors  and  the 
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number  of  instmetors  is  difficult.  It  has  been  easier  to  get 
money  for  buildings  and  apparatus  than  for  men.  This  con- 
dition is  influenced,  not  only  by  financial  considerations  but 
by  considerations  of  organization,  and  it  has  often  happened 
that  an  organization  suited  to  one  or  two  hundred  students 
has  hampered  the  proper  growth  of  a  faculty  to  handle  five 
times  that  number.  There  is  a  noteworthy  tendency  towards 
improvement  in  these  respects,  both  by  securing  more  ade- 
quate funds  and  by  better  adaptation  of  organization.  The 
fact  that  men  are  of  greater  importance  than  equipment  has 
been  well  appreciated  by  educators  all  along,  but  now  that 
laboratory  equipments  are  more  satisfactory,  perhaps  the  evi- 
dence of  this  belief  is  becoming  more  prominent.  The  neces- 
sity for  good  men  and  the  difficulties  of  securing  them  are 
being  felt  to  an  increasing  degree. 

Summarizing  briefly,  the  past  decade  has  been  characterized 
chiefly  by  a  great  growth  in  numbers  of  students,  with  many 
far-reaching  effects  resulting  therefrom.  Entrance  require- 
ments have  been  modified  to  a  smaU  extent,  and  the  curricu- 
lum has  been  improved  and  brought  to  a  sounder  basis :  labo- 
ratory equipments  have  been  greatly  enlarged  and  faculties 
increased  in  numbers,  so  that  on  the  whole  the  work  of  the 
schools  has  fairly  met  the  requirements  of  the  country. 

In  what  has  been  said  we  have  referred  principally  to  the 
regular  four-year  course  as  it  has  become  generally  developed 
in  this  country.  If  entrance  requirements  are  not  likely  to 
change  greatly  in  the  future,  so  far  as  they  are  based  on  the 
public  high  school  and  the  usual  preparatory  school,  the  four- 
year  engineering  course,  following  upon  this  preparation, 
cannot,  in  its  nature,  be  greatly  modified.  There  have  been, 
however,  very  recent  developments  in  other  directions  which 
are  indicative  of  important  changes  in  the  future.  These 
are,  first,  the  establishment  of  longer  or  more  advanced 
courses  of  study,  secondly,  the  growth  of  research  in  the 
engineering  school,  and  thirdly,  the  development  of  technical 
instruction  of  a  secondary  grade.  Before  examining  these 
features  in  detail,  let  us  consider  for  a  moment  the  educational 
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requirements  of  the  present  time  along  technical  lines  and 
what  they  are  likely  to  be  in  the  near  future. 

For  the  past  year  or  more  the  supply  of  technically  trained 
men  has  been  more  than  ample  for  the  demand.  We  are  pass- 
ing through  a  phase  of  reduced  activity  in  industrial  life  and 
in  the  development  of  the  country,  accompanied  by  a  lessened 
emplojTuent  for  engineers.  That  this  condition  is  to  obtain 
for  any  length  of  time  probably  none  of  us  believe  to  be  true, 
and  the  number  of  men  needed  in  practical  life  who  have 
received  a  greater  or  less  amount  of  technical  instruction  will, 
on  the  whole,  continue  to  increase  indefinitely  in  the  future. 
There  is  a  fundamental  reason  why  this  should  be  true,  and 
why  it  has  been  true  ever  since  the  invention  of  the  steam 
engine,  leading  to  the  manufacture  of  power  and  the  multi- 
plication of  man's  productive  capacity.  This  same  cause  will 
continue  to  exist  until  modified  by  the  exhaustion  of  the  world 's 
resources.  So  long  as  division  of  labor  continues  to  develop, 
thus  separating  more  and  more  the  producer  from  the  con- 
sumer, the  engineer  will  be  called  upon  in  ever-increasing 
numbers  to  develop  and  transmit  the  power,  to  manufacture 
and  operate  the  machinery  and  to  provide  the  transportation 
facilities  on  a  larger  and  larger  scale.  Through  the  develop- 
ment of  agricultural  machinery,  a  smaller  and  smaller  per- 
centage of  the  world's  population  will  be  required  to  procure 
the  raw  material  for  food  and  clothing,  and  a  constantly 
increasing  percentage  will  be  employed  in  meeting  our  wants 
and  necessities  in  the  form  of  manufactured  articles  and  in 
transporting  them  from  producer  to  consumer.  A  larger  and 
larger  proportion  will  of  necessity  dwell  in  large  groups  in- 
volving a  complex  life,  and  even  the  life  of  the  agriculturalist 
will  be  increasingly  complex.  All  these  conditions  tend  to 
increase  the  demand  for  men  trained  in  the  knowledge  of 
materials  and  the  laws  of  physics  and  chemistry.  In  the 
transportation  of  persons  and  materials,  in  the  production  and 
transmission  of  power,  in  the  supply  of  water,  gas,  electricity, 
heat  and  refrigeration,  in  the  disposal  of  waste  material,  in 
the  manufacture  and  operation  of  machinery,  in  the  develop- 
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ment  of  the  resources  of  the  mine  and  forest,  and  even  in  the 
conduct  of  modern  agricultural  operations  the  engineer  is 
needed,  and  will  be  needed  in  the  future  in  greater  and  greater 
numbers  and  in  increasing  proportion  to  the  total  popula- 
tion served.  In  this  respect  the  engineering  profession  is  on  a 
different  basis  from  the  older  professions.  In  law.  medicine 
and  theology,  and  even  in  pedagogy,  there  seems  to  be  little 
reason  why  the  demand  should  increase  more  rapidly  than 
the  population  and.  on  some  accounts,  it  is  likely  to  be  less 
rapid.  "With  the  engineer  exactly  the  reverse  is  true.  In 
some  of  the  newer  professions  or  vocations  it  is  also  doubtless 
true.  The  expert  agriculturalist  and  the  professional  econo- 
mist are  probably  examples  somewhat  parallel  to  the  engineer. 
The  steady  and  continued  growth  in  the  attendance  of  engi- 
neering schools  in  Germany,  a  country  in  some  respects  very 
fully  developed,  is  an  illustration  of  the  truth  of  the  fore- 
going statements. 

I  believe  it  may  therefore  be  taken  for  granted  that  so 
far  as  numbers  alone  is  concerned,  the  demand  for  men  having 
a  greater  or  less  amount  of  technical  training  will  continue 
to  grow  for  an  indefinite  length  of  time.  The  question  which 
continually  confronts  us  is :  What  shall  the  engineering  school 
do  to  meet  this  demand  in  the  best  way  ?  It  would  appear  that 
during  the  past  decade  the  schools  have  had  all  they  could  do 
in  supplying  the  men  needed,  without  departing  from  the 
course  which  they  have  pursued  for  many  years,  and  the 
demand  has  probably  been  as  well  met  as  it  could  easily  have 
been.  With  the  present  slackening  in  this  demand  and  the 
probability  that  future  requirements  will  not  increase  in  quite 
so  rapid  proportion  as  has  been  the  case  for  many  years,  it 
would  seem  that  there  is  likely  to  be  in  the  future  more  com- 
petition of  merit  among  the  younger  generation  of  engineers, 
and  that  there  will  be  better  opportunity  for  schools  to  differ- 
entiate somewhat  in  their  plans  and  purposes,  if  such  differ- 
entiation will  meet  the  variety  of  needs  better  than  the  present 
system. 

Engineering  is  commonly  and  with  truth  called  a  "profes- 
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sion."  For  many  technical  men  it  is  a  profession,  but  for 
others  and  larger  numbers,  it  can  scarcely  be  said  to  be  such. 
The  technical  requirements  requisite  for  the  performance  of 
various  duties  vary  between  wide  limits.  They  range  all  the 
way  from  those  of  a  draftsman  who  needs  to  know  something 
about  structural  details,  and  those  of  the  county  surveyor 
whose  mathematical  knowledge  does  not  extend  beyond  the 
elements  of  trigonometry,  to  those  of  the  most  expert  consult- 
ing engineer  of  broad  learning  and  high  technical  attainments. 
A  shorter  or  longer  period  of  study  in  a  technical  school  of 
some  grade  is  a  verj'  desirable  preparation  for  the  draftsman, 
the  surveyor,  and  the  professional  engineer.  Technical  educa- 
tion, as  well  as  technical  employment,  may  thus  cover  a  very 
wide  range.  The  word  "engineer"  would  scarcely  be  used  to 
designate  the  man  in  the  lower  grades  of  work,  but  the  edu- 
cation of  both  classes  of  men  is  more  or  less  technical.  Innu- 
merable callings  require  a  greater  or  less  amount  of  technical 
training,  some  of  which  might  fall  within  the  class  generally 
considered  as  engineering,  while  others  would  not.  The  pro- 
fession of  the  engineer  is,  for  these  reasons,  somewhat  indefi- 
nite, and  probably  will  always  remain  so,  unless  some  formal 
method  be  adopted  by  the  state  to  differentiate  by  examina- 
tion, or  to  recognize  examinations  conducted  by  educational 
institutions.  It  does  not  seem  important,  from  the  standpoint 
of  the  engineering  educator,  that  such  differentiation  be  em- 
phasized ;  but  it  is  important  that  the  requirements  of  society 
in  the  field  of  technical  education  be  understood  and  provided 
for. 

This  country  is  new  and  conditions  of  employment  are 
exceedingly  favorable  for  promotion  from  rank  to  rank  and 
from  position  to  position  on  the  basis  of  individual  ability. 
Class  education  is  not  much  more  favorably  considered  by 
the  public  than  class  legislation ;  and  yet  some  distinction  has 
been  made  and  greater  distinction  will  undoubtedly  be  made 
in  the  near  future  in  providing  the  necessary  education  as  a 
preparation  for  work  in  the  various  lines  of  activity  in  which 
some  or  much  technical  education  is  required.     On  the  one 
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hand,  no  training  can  be  too  thorough,  no  culture  too  broad 
for  the  real  professional  engineer.  His  position  demands  the 
greatest  breadth  of  view,  the  wisest  judgment  of  men  and  the 
most  thorough  knowledge  of  engineering  principles.  He  must 
be  an  educated  man  in  the  best  sense  of  the  word ;  his  prepa- 
ration must  be  as  thorough  as  that  required  in  any  of  the 
learned  professions.  It  may  and  will  often  be  profitable  for 
him  to  spend  five  or  six  years  in  studies  subsequent  to  his 
high  school  course.  On  the  other  hand,  it  is  unquestionably 
true  that  large  numbers  of  young  men  who  could  not  possibly 
afl:'ord  such  a  long  course,  can  be  greatly  helped  by  technical 
instruction  extending  over  a  period  of  two  or  three  years. 
The  organization  of  courses,  the  fixing  of  entrance  require- 
ments and  the  granting  of  degrees,  exert  a  great  influence  upon 
the  kind  and  duration  of  the  course  of  study  which  the  student 
will  pursue.  Up  to  the  present  time  engineering  instruction 
in  this  country  has  been  confined  almost  entirely  to  the 
standard  four-year  course,  and  the  curriculum  has  been  ar- 
ranged primarily  with  a  view  to  giving  the  best  possible  in- 
struction to  students  who  expect  to  remain  four  years  and  no 
longer.  The  student  who  wishes  to  get  some  technical  train- 
ing to  assist  him  in  his  chosen  vocation,  but  who  cannot  stay 
four  years,  is  not  well  provided  for;  the  needs  of  such  stu- 
dents have  been  recognized  in  but  few  places.  I  believe  it 
may  be  said  also,  with  truth,  that  the  present  courses  are  also 
not  well  adjusted  for  those  who  wish  to  secure  a  more  thorough 
preparation  for  the  profession.  Post-graduate  work  in  engi- 
neering can  hardly  be  said  to  be  a  success.  After  completing 
a  four-year  engineering  course  few  students  find  much  profit 
in  continuing  longer  at  the  school. 

More  specific  provision  for  both  these  classes  seems  likely 
to  receive  consideration  in  the  near  future.  "Within  the  last 
two  years  much  has  been  done  towards  the  encouragement  of 
longer  study  by  a  better  development  of  the  five  and  six-year 
couKes.  For  several  years  it  has  been  possible  in  many  insti- 
tutions to  complete  a  general  college  course  and  an  engineer- 
ing course  in  six  years:  but  until  very  recently  this  arrange- 
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ment  has  been  little  used,  as  the  six-year  course  is  so  much 
longer  than  the  four-year  course  that  it  seems  quite  beyond 
the  reach  of  most  students.  The  five-year  course  seems  likely 
to  meet  the  situation  better  at  the  present  time,  and  the  recent 
movement  toward  the  establishment  of  such  courses  is  very^  note- 
worthy. This  has  taken  the  direction  in  several  places  of  a 
fully  scheduled  five-year  course  which  includes  but  little  more 
of  engineering  instruction  than  the  four-year  course,  but  more 
general  studies,  such  as  are  given  to  a  very  small  extent  in  the 
four-year  course.  This  five-year  course  may  or  may  not  lead 
to  a  different  degree  from  the  four-year  course.  Very  gen- 
erally the  bachelor 's  degree  is  granted  at  the  end  of  the  fourth 
year  and  a  master's  degree  or  an  engineering  degree  at  the 
end  of  the  fifth  year.  Various  arrangements  are  in  operation, 
depending  upon  local  conditions.  In  one  institution  the  five- 
year  course  has  been  arranged  as  a  four-year  advanced  engi- 
neering course,  requiring  one  year  of  college  work  for  admis- 
sion, thus  tending  towards  a  status  similar  to  the  professional 
law  and  medical  schools  with  advanced  entrance  requirements. 
In  the  discussion  relative  to  these  arrangements  the  central 
thought  seems  to  be  that  the  additional  time  should  be  given 
mainly  to  general  or  scientific  studies  rather  than  to  addi- 
tional technical  work.  There  is  little  tendency  towards  crowd- 
ing in  new  engineering  subjects  of  an  advanced  character. 
Economics  is  given  much  attention  as  a  subject  of  direct  prac- 
tical value  to  the  modern  engineer.  Additional  mathematics, 
sometimes  advanced  courses  in  English,  and  longer  courses  in 
the  collateral  engineering  subjects  of  fundamental  impor- 
tance, are  the  studies  which  generally  take  up  the  additional 
time.  Some  new  courses  significant  of  the  trend  of  the  times 
are  now  to  be  found  in  the  catalogues,  such,  for  example,  as 
courses  in  public  service  corporation  management,  and  engi- 
neering finance.  Very  many  institutions  are  thus  encourag- 
ing their  students,  in  some  form  or  other,  to  pursue  a  longer 
course  than  four  years,  subsequent  to  high  school  gradua- 
tion. From  what  has  already  been  said  relative  to  entrance 
requirements,  it  seems  obvious  that  if  the  engineering  student 
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is  to  secure  a  broader  preparation  in  school,  it  will  have  to  be 
done  by  preliminary  or  simultaneous  college  work  rather  than 
by  means  of  higher  requirements  placed  upon  the  secondary 
schooL  This  brings  us  iuevitablv  to  the  five  or  sis-vear  course. 
or  to  the  shorter  professional  course  with  entrance  require- 
ments involving  one  or  more  years  of  college  work. 

It  is  believed  by  many  that  four  years  is  long  enough  for 
a  young  man  to  spend  in  college,  and  that  he  can  then  profit 
more  by  getting  into  practical  work  than  by  remaining  longer 
in  school.  This  is  doubtless  true  for  a  large  proportion  of 
students,  especially  after  they  have  completed  a  four-year 
engineering  course.  But  there  still  remains  the  fact  that 
breadth  of  view  and  thoroughness  of  training  must  ultimately 
be  secured  by  the  successful  professional  man.  To  what  ex- 
tent this  will  be  secured  in  school  and  to  what  extent  in  prac- 
tical life  is  very  largely  a  matter  of  personal  equation  and 
cireumstances,  but  in  any  case  it  is  a  necessary  qualification 
of  the  successful  man. 

The  real  question  that  interests  us  is,  what  can  be  econom- 
ically taught  in  a  school,  considering  broadly  the  greatest  use- 
fulness and  highest  success  of  the  student?  Experience  has 
shown  that  it  is  worth  while  for  the  lawyer  and  the  physician 
to  devote  a  very  considerable  time  in  school  to  liberal  studies 
as  well  as  to  his  professional  course.  The  engineer  is  in  no 
less  need  of  such  training:  indeed  his  relatively  isolated  posi- 
tion during  the  early  years  of  his  professional  life  would 
appear  to  indicate  that  his  need  is  even  greater  than  that  of 
the  lawyer.  If  this  is  true,  should  not  the  schools  encourage 
such  education  by  a  convenient  arrangement  of  courses,  the 
granting  of  suitable  degrees  and.  on  the  part  of  some  schools 
favorably  conditioned,  by  giving  exclusive  attention  to  courses 
of  this  character? 

These  advanced  courses,  as  compared  to  the  present  four- 
year  c-ourse,  will  be  enlarged  in  three  directions:  in  studies 
belonging  to  the  humanities,  in  mathematics  and  science  and, 
to  a  certain  extent,  in  additional  engineering  studies.  In  the 
humanities  the  field  is  broad  and  the  time  onlv  too  short. 
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Literature,  Mstory  and  economics  seem  likelv  to  be  the  most 
profitable  studies.  In  mathematics  it  is  a  question  if  some- 
what more  time  should  not  be  given  to  the  higher  subjects, 
and  in  physics  and  chemistry,  certainly  some  of  the  engineer- 
ing courses  would  be  improved  by  further  study  of  these 
subjects. 

It  is  often  said  and  frequently  reiterated  that  we  should 
teach  only  fundamentals.  "We  probably  all  agree  to  that 
statement,  but  might  not  agree  on  what  are  fundamentals.  It 
might  fairly  be  claimed  that  the  fundamentals  of  engineering 
are  covered  by  the  pure  sciences,  mathematics,  theoretical 
mechanics,  and  materials  of  construction.  But  we  all  go 
much  beyond  these  studies  in  our  courses  and  undoubtedly 
with  profit  to  the  student.  The  fundamentals  of  geometry 
may  be  considered  as  the  axioms.  Given  the  axioms,  a  well- 
trained  man  can  (with  difficulty)  construct  his  own  geometry. 
Bridge  stresses  is  simply  advanced  statics,  but  this  subject  is 
taught  in  all  civil  engineering  courses.  The  fact  that  such  a 
subject  can  be  more  readily  and  effectively  learned  in  school 
to  a  certain  point,  than  in  practice,  and  the  further  fact  that 
a  considerable  group  of  students  is  quite  likely  to  have  early 
use  for  it  in  practice  makes  it  a  fair  proposition  to  teach  it 
in  school.  The  general  training  which  such  a  subject  gives 
in  the  application  of  mechanics  to  any  problem  is  of  course 
not  to  be  overlooked,  but  if  bridge  stresses  could  be  learned 
outside  better  than  in  school,  it  should  be  dropped  from  the 
curriculum.  The  same  is  true  with  many  other  studies.  Re- 
inforced concrete  is  also  merely  applied  mechanics,  but  it 
involves  the  application  of  mechanics  in  a  somewhat  special 
manner,  so  that  it  is  likely  to  be  a  subject  that  will  prove  to 
be  economically  taught  in  school.  We  must,  of  course,  con- 
fine ourselves  to  the  fundamentals  of  any  subject,  which 
simply  means,  I  take  it.  that  we  should  not  take  the  time  of  a 
student  in  teaching  details  of  practice  which  he  can  better 
learn  outside. 

In  technical  lines,  probably  the  direction  in  which  advanced 
work  can  most  profitably  be  extended  is  in  those  studies 
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closely  related  to  laboratory  investigations,  to  theoretical 
analysis  and  to  the  study  of  properties  of  materials.  In  the 
last  named  subject,  especially,  there  is  a  great  need  of  better 
knowledge.  "Wood,  steel,  copper,  lead  and  zinc  can  no  longer 
be  given  exclusively  as  the  chief  engineering  materials.  The 
use  of  nickel  steel,  manganese  steel  and  aluminum  on  a  large 
scale  in  engineering  construction  is  already  current  practice. 
The  electric  furnace  has  in  recent  years  given  us  metallic 
products  at  a  cost  almost  infinitesimal  as  compared  to  that  of 
a  few  years  ago.  Uses  are  yet  to  be  discovered  for  some  of 
these  cheaply  produced  and  comparatively  new  products. 
Efficiency  of  electric  illumination  depends  largely  upon  the 
discovery  and  utilization  of  the  so-called  rare  materials.  A 
new  epoch  in  the  study  and  utilization  of  materials  seems  to 
be  upon  us.  and  one  of  the  most  promising  fields  of  develop- 
ment in  applied  science  is  along  these  lines.  This  will  carry 
with  it  increased  laboratory  study  in  chemistry,  electricity 
and  metallurgy. 

Closely  related  to  the  development  of  longer  courses  of 
study  is  the  recent  growth  of  research  in  applied  science  as 
related  to  engineering.  Following  somewhat  the  growth  of 
the  agricultural  experiment  station,  research  in  the  engineer- 
ing sciences  has  been  very  greatly  developed  during  the  past 
four  or  five  years.  In  at  least  two  institutions  a  special 
organization,  called  an  "engineering  experiment  station"  has 
been  established,  whose  function  it  is  to  carry  on  research  in 
the  engineering  sciences,  particularly  in  those  directions 
which  most  concern  the  interests  of  the  state  in  question. 
Such  research  has  also  been  greatly  promoted  and  developed 
in  institutions  having  no  special  organization  for  that  pur- 
pose, the  work  being  carried  on  as  a  part  of  the  regular  duties 
of  the  several  departments.  Federal  aid  for  such  work  has 
received  much  consideration  in  two  or  three  sessions  of  Con- 
gress and  it  is  likely  that  it  may  be  granted  in  the  near  future. 
Expenditure  of  public  funds  for  such  purposes  is  thus  looked 
upon  as  legitimate  and  profitable,  and  the  development  of  this 
feature  at  engineering  schools  is  likely  to  be  continuous  and  to 
reach  important  proportions. 
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This  work  of  research  is  not  only  of  great  direct  value  by 
reason  of  the  results  obtained,  but  is  of  great  service  in  con- 
nection with  advanced  instruction.  It  furnishes  a  much  more 
profitable  field  for  the  graduate  student  than  courses  in  ad- 
vanced design,  on  which  he  was  wont  to  spend  his  time  a  few 
years  ago.  Fruitful  research  is  also  of  much  value  in  culti- 
vating helpful  relations  between  the  teacher  and  the  practical 
engineer.  The  latter  is  coming  more  and  more  to  utilize  the 
very  latest  results  of  experiments  in  his  line,  and  to  look  more 
and  more  to  the  engineering  investigator  for  practical  assis- 
tance in  this  way.  No  more  satisfactory  way  of  maintaining 
contact  between  teacher  and  practitioner  can  be  found  than 
through  the  medium  of  scientific  investigation  of  practical 
value  to  the  engineer.  The  utilization  of  such  results  by  the 
engineer,  in  the  securing  of  which  the  student  has  had  a  part, 
is  certain  to  impress  upon  the  student  more  forcibly  than 
anything  else  can  the  value  of  such  data,  the  means  of  secur- 
ing it,  and  its  proper  use  in  practical  problems.  Research  in 
laboratories  connected  with  agriculture  and  engineering 
schools  must  be  relied  upon  to  a  very  considerable  extent  to 
bring  the  results  of  studies  in  pure  science  to  a  practical  and 
economical  basis.  Such  studies  will  play  an  extremely  im- 
portant part  in  the  future  in  the  proper  utilization  and  the 
conservation  of  the  country's  resources. 

The  third  phase  of  educational  development  has  to  do  with 
courses  and  methods  of  instruction  adapted  to  those  who  can 
complete  only  a  relatively  short  curriculum.  The  four-year 
course  does  not  adequately  meet  the  great  variety  of  needs  of 
this  class  of  students.  It  may  perhaps  be  considered  as  a 
maximum  course,  but  better  opportunity  should  be  offered  for 
securing  technical  instruction  of  still  briefer  period.  The 
shorter  courses  of  instruction  have  been  given  some  attention 
by  a  few  institutions,  perhaps  most  successfully  by  one  of  the 
institutions  of  which  the  Society  is  a  guest.  Its  work  might 
be  taken  as  a  model  for  others.  The  trade  school,  as  such,  is 
not  a  school  to  which  the  American  public  seems  to  take 
kindly  and  its  development  has  been  very  meager  in  the  past. 
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There  are  signs,  however,  that  the  regular  trade  school,  as 
well  as  the  secondary  technical  school,  is  likely  to  be  given 
much  more  attention  in  the  future. 

Schools  of  a  secondary  grade  are  needed  in  every  large 
mannfactnring  center.  To  a  considerable  rzi--'.  they  should 
be  local  in  character  and  should  provide  instmction  in  ways 
tiiat  will  benefit  the  greatest  number  of  students.  Xight 
school  woik  is  an  imiwrtant  function  of  such  institutions.  At 
the  pr^ent  time  there  are  few  opportunities  for  young  men 
to  secure  any  technical  education  whatever,  except  by  com- 
pleting a  four-year  high  school  course,  and  then  by  pursuing 
a  regular  four-year  engineering  course  in  an  engineering 
sehooL  There  is  no  reason  why  a  large  and  profitable  amount 
of  technical  instmction  cannot  be  given  without  so  long  a 
prei>aration.  A  thoroughly  sound  and  practical  course  in 
meehanies  can  be  taught  without  calculus,  and  two  years  in- 
struction of  the  ri^t  kind  will  be  of  great  assistance  to  many 
woikers  in  industrial  life.  Such  opportunities  should  and 
will  be  offered  more  adequat^y  than  is  the  case  at  the  present 
time.  The  great  patronage  of  the  correspondence  schools  is 
an  indication  of  the  demand  which  exists  in  this  direction. 

The  very  successful  cooperative  woik  inaugurated  at  Cin- 
cinnati, and  already  adopted  in  some  other  institutions,  is 
an  important  movement  of  much  significance,  especially  for 
institutions  located  in  large  industrial  centers.  Although 
inaugurated  in  connection  with  a  school  of  engineering  it 
would  seem  to  have  especially  great  pc^sibilities  for  schools 
of  secondary  grade  located  in  large  cities. 

Up  to  the  present  time  the  state  has  not,  in  general,  ex- 
tended its  support  to  trade  and  secondary  schools.  There  is 
no  fundamental  reason,  however,  why  this  should  not  be  done. 
Already,  in  at  least  three  states,  legislation  has  been  enacted 
leading  in  this  direction,  and  trade  schools  and  secondary 
schools  are  now  being  supported  by  taxation.  The  establish- 
ment of  the  county  agricultural  schools  is  a  movement  in  this 
same  direction. 

The  relation  of  the  state  university  or  the  state  college  to 
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such  secondary  schools  is  of  much  importance.  "Where  suit- 
ably located,  the  higher  institution  may  well  include  in  its 
work  the  technical  instruction  of  secondary  character  in  much 
the  same  way  as  many  now  include  short  courses  in  agricul- 
ture. Such  courses  have  been,  and  will  be  very  profitable, 
and  will  in  no  way  affect  the  educational  standard  of  the 
higher  work.  Where  the  higher  state  schools  are  not  suitably 
located,  some  supervisory*  control  by  a  central  body  is  neces- 
sary- in  order  to  avoid  expensive  and  unwise  duplication. 
Unified  control  of  all  higher  educational  institutions  sup- 
ported by  the  state  at  large  will  in  the  future  be  more  neces- 
sary- than  in  the  past,  and  action  of  legislatures  during  the 
past  winter  indicates  that  such  control  is  rapidly  taking  form. 

Correspondence  instruction  by  the  state  has  been  estab- 
lished in  at  least  one  state  and  has  there  been  placed  upon  a 
sound  financial  basis.  The  demand  for  such  instruction  has 
come  about  largely  through  the  lack  of  secondary  schools  in 
the  large  industrial  centers,  although  such  correspondence 
instruction  meets  other  demands  as  well.  It  is  a  notable 
development  which  meets  a  real  demand,  and  which  is  certain 
to  be  further  extended. 

It  thus  seems  likely  that  there  will  develop  many  more 
schools  in  our  industrial  centers  of  somewhat  lower  require- 
ments than  the  present  standard  engineering  schools.  To 
abolish  the  four-year  course,  and  require  all  students  to  pur- 
sue a  five  or  six-year  course,  would  be  unfair  to  a  large  num- 
ber of  students  who  cannot  afford  the  long  course.  Such  action 
might  well  be  justified  on  the  part  of  privately  endowed  insti- 
tutions, but  on  the  part  of  state  institutions  the  less  well  pre- 
pared student  should  not  be  barred  from  profiting  by  technical 
education.  A  two-year  or  three-year  course  offered  side  by  side 
with  the  five  or  six-year  course,  would  ver\'  likely  meet  his 
needs  better  than  a  four-year  course ;  but  until  adequate  pro- 
vision is  made  for  the  shorter  course  by  some  other  institu- 
tions, the  state  supported  technical  school  should,  I  believe, 
meet  the  situation. 

Such,  in  brief,  are  some  of  the  principal  tendencies  at  the 
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present  time  as  they  appear  to  the  speaker.  Certain  it  is 
that  the  demand  for  higher  technical  knowledge  and  general 
efficiency,  as  well  as  the  demand  for  larger  numbers  of  men 
trained  to  different  degrees  along  technical  lines  will  be 
studied  and  met  by  our  educational  institutions.  The  work  is 
worthy  of  the  best  thoughts  of  the  best  men  and  to  be  engaged 
in  this  great  work  and  to  be  an  active  member  of  this  great 
body  of  educators,  is  a  privilege  and  a  responsibility  which 
cannot  be  too  highly  appreciated. 


THE  TEACHING  OF  MATHEMATICS  TO 
ENGINEERING  STUDENTS. 

THE   CHICAGO    SYMPOSIUM. 

Editor's  Note:  A  symposium  on  mathematics  for  engineer- 
ing students  was  held  in  Chicago,  December  30,  1907,  under 
the  joint  auspices  of  the  American  Mathematical  Society  and 
the  American  Association  for  the  Advancement  of  Science. 
A  number  of  brief  papers  were  presented  giving  views  of  the 
subject  from  three  standpoints:  (a)  That  of  the  teacher  of 
mathematics,  (&)  that  of  the  teacher  of  engineering  subjects; 
and  (c)  that  of  the  practicing  engineer.  The  papers  and  dis- 
cussion were  printed  in  Scie7ice,  Vol.  XXVIII,  and  also  in 
pamphlet  form.  Professor  Wm.  T.  Magruder  was  secretary 
of  the  meeting.  An  outcome  of  the  meeting  was  the  appoint- 
ment of  a  committee  of  twenty  to  consider  the  whole  subject 
and  report  to  the  Society  for  the  Promotion  of  Engineering 
Education.  A  few  extracts  from  the  symposium  are  given 
here  as  an  introduction  to  the  preliminary  report  of  the  com- 
mittee* of  which  Professor  Huntington  is  chairman. 

*  The  name  of  this  committee  is  ' '  Committee  on  the  Teaching  of 
Mathematics  to  Students  of  Engineering."  It  was  appointed  at  a  joint 
meeting  of  the  Chicago  Section  of  the  American  Mathematical  Society, 
and  Sections  A  and  D  of  the  American  Association  for  the  Advancement 
of  Science,  Chicago,  December  30-31,  1907.  (See  Science  for  July  17, 
24  and  31;  August  7  and  28  and  September  4,  1908.)  The  membership 
is  as  follows:  Philip  E.  Alger,  professor  of  mathematics,  U.  S.  Navy, 
Annapolis,  Md. ;  Donald  F.  Campbell,  professor  of  mathematics.  Armour 
Institute  of  Technology,  Chicago,  111.;  Edmund  A.  Engler,  president  of 
the  Worcester  Polytechnic  Institute,  Worcester,  Mass.;  Charles  N. 
Haskins,  assistant  professor  of  mathematics,  Dartmouth  College,  Han- 
over, N.  H. ;  Charles  S.  Howe,  president,  Case  School  of  Applied  Science, 
Cleveland,  Ohio;  Emil  Kuichling,  consulting  civil  engineer.  New  York 
City;  William  T.  Magruder,  professor  of  mechanical  engineering,  Ohio 
State  University,  Columbus,  Ohio;  Kalph  Modjeski,  civil  engineer,  Chicago, 
111.;  William  F.  Osgood,  professor  of  mathematics,  Harvard  University, 
Cambridge,  Mass.;  Charles  S.  Slichter,  consulting  engineer  of  the  U.  S. 
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Eeasoyis  for  the  Use  of  the  Term,  Engineering  Mathematics: 

Professor  A.  E.  Havnes. 

(a)  Because  of  the  main  object  of  the  study  of  mathematics 
in  engineering  courses,  viz.,  its  use  as  a  tool. 

(&)  Because  of  the  proper  method  of  teaching  the  mathe- 
matics of  such  courses. 

(c)  Because  of  the  content  of  the  mathematics  of  such 
courses. 

It  is  not  a  degradation  of  mathematics  to  make  it  practical. 
The  teaching  of  mathematics  (1)  should  be  of  such  a  char- 
acter as  to  produce  an  enduring  stimulating  effect  upon  the 
mind  of  the  student,  (2)  should  give  the  student  the  power 
to  interpret  properly  mathematical  language,  and  to  use  it 
accurately  and  skillfully.  To  secure  these  results,  the  teach- 
ing must  be  based  upon  a  proper  order  of  studies  and  carried 
forward  in  a  rational,  intelligent  manner. 
The  Nature  of  a  Mathematical  Problem:  Professor  J.  B.  "VTebb. 

Every  practical  problem  requiring  mathematics  for  its  solu- 
tion consists  of  three  parts : 

(a)  An  analysis,  which  resolves  the  problem  into  its  ele- 
ments, examines  these  in  the  light  of  natural  laws,  rejects 
unimportant  ones  and  defines  the  relations  existing  between 

Eeclamation  Service,  professor  of  applied  mathematics,  University  of 
"Wisconsin,  Madison,  "VTis. ;  Charles  P.  Steinmetz,  consulting  engineer  of 
the  General  Electric  Company,  professor  of  electrical  engineering,  Union 
University,  Schenectady,  X.  T. ;  George  F.  Swain,  consulting  engineer, 
professor  of  civil  engineering,  Harvard  University,  Cambridge,  Mass.; 
Edgar  J.  Townsend,  dean  of  the  College  of  Science  and  professor  of 
mathematics,  University  of  Illinois,  Urbana,  111.;  Frederick  E.  Tur- 
neaure,  dean  of  the  College  of  Mechanics  and  Engineering,  University 
of  "Wisconsin.  Madison,  Wis.;  Clarence  A.  "Waldo,  head  professor  of 
mathematics,  Washington  University,  St.  Louis,  Mo. ;  Gardner  S.  "Williamfl, 
consulting  engineer,  professor  of  civil,  hydraulic  and  sanitary  engineering, 
University  of  Michigan,  Ann  Arbor,  Mich.;  Calvin  M.  Woodward,  dean 
of  the  School  of  Engineering  and  Architecture  and  professor  of  mathe- 
matics and  applied  mechanics,  "Washington  University,  St.  Louis,  Mo.; 
Eobert  S.  Woodward,  president  of  the  Carnegie  Institution  of  "Washing- 
ton, "Washington,  D.  C. ;  Alexander  Ziwet,  professor  of  mathematics,  Uni- 
versity of  Michigan,  Ann  Arbor,  Mich. ;  Edward  V.  Huntington,  chairman, 
assistant  professor  of  mathematics.  Harvard  University. 
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those  upon  which  the  solution  depends.  This  involves  the 
adoption  or  discovery  of  methods  of  measuring  the  elements, 
so  that  they  may  be  expressed  quantitatively  by  sjTnbols,  and 
of  the  reduction  of  the  relations  between  to  the  standard 
mathematical  forms  of  expression.  The  result  is  a  mathe- 
matical statement  of  the  problem  by  one  or  more  equations. 

(&)  A  solution  of  the  equations  by  which  the  relations 
sought  for  between  the  quantities  are  clearly  expressed  or  the 
quantities  put  in  proper  form  to  have  their  values  calculated. 

(c)  The  interpretation  of  the  result,  which  involves  a  trans- 
lation of  the  same  from  the  mathematical  language  in  which 
it  has  been  obtained  into  the  original  language  of  the  problem 
and  a  discussion  of  the  practical  bearing  of  the  same. 

The  Three  Phases  of  Mathematical  Study:  (1)  Theory,  (2) 
Practice,  and  (3)  Philosophy:  Professor  A.  N.  Talbot. 
1.  Theory. — Analysis,  demonstration  and  the  general  de- 
rivation and  presentation  of  mathematical  principles.  The 
derivation  and  exposition  of  mathematical  principles  and 
operations  and  the  appreciation  of  mathematical  concepts  are 
universally  accepted  as  important  elements  in  the  education  of 
an  engineer.  The  use  of  mathematical  forms  of  attack,  the 
training  in  processes  of  reasoning,  the  formation  of  logical 
habits  of  thought,  are  hardly  secondary  in  importance.  And 
yet  much  less  emphasis  is  placed  on  formal  demonstration  and 
reasoning  than  formerly — frequently  this  element  is  over- 
looked or  treated  in  a  slipshod  way.  The  student  comes  to 
feel  that  he  is  after  facts  and  that  the  derivation  and  proof 
of  principles  involves  useless  effort — he  is  willing  to  accept 
their  authenticity.  It  may  be  that  years  ago  our  instructional 
methods  carried  formal  processes  to  an  extreme  and  that  as 
a  result  mathematical  work  became  meaningless  lingo  or 
memorized  facts  to  many  students.  This  does  not  furnish 
argument  for  the  abandonment  of  training  in  formal  reason- 
ing. For  the  young  mind,  practice  in  analysis,  in  formal 
demonstration,  is  illuminating  and  developing.  Even  the 
repetitive  forms  of  analysis  in  the  old-time  mental  arith- 
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metic  had  great  mathematical  educational  value.  The  speaker 
feels  that  in  the  effort  to  avoid  barren  formalism  the  pendu- 
lum has  swung  too  far  the  other  way,  and  that  both  in  high 
school  and  in  technical  school,  and  in  the  applied  engineering 
subjects  as  well,  the  training  in  anahi:ical  methods  and  formal 
processes  is  weak.  He  believes  that  good  results  would  fol- 
low the  putting  of  greater  emphasis  on  this  phase  of  instruc- 
tion than  now  seems  to  be  the  trend. 

2.  Practice. — The  use  and  applicability  of  mathematical 
principles  and  processes  in  the  solution  of  problems,  drill 
on  these  principles,  and  the  acquisition  of  facility  in  their  use. 
To  the  average  student  the  working  of  examples  is  illumi- 
nating. Without  it  the  concept  is  but  vaguely  comprehended, 
the  derivation  only  faintly  understood,  the  process  may  seem 
merely  verbal  legerdemain.  Properly  used,  this  phase  of 
mathematical  instruction  is  of  great  advantage  to  the  student 
of  average  mathematical  ability'.  It  opens  up  the  view;  it 
clears  away  uncertainties;  it  fixes  principles  and  concepts; 
it  gives  life  to  the  subject.  The  problems  used  should  be 
within  the  field  of  the  student 's  experience  and  comprehension 
and  may  well  bear  some  relation  to  his  future  work,  both 
in  the  engineering  class  room  and  beyond.  And  the  second 
part  of  this  heading  is  not  less  important.  Mathematics  is  a 
tool  for  the  engineering  student,  and  he  must  acquire  facility 
in  its  use.  This  does  not  mean  that  the  instructor  should 
attempt  to  make  him  a  finished  calculator  or  an  expert  work- 
man— time  is  too  short — but  mathematical  principles  and  proc- 
esses must  be  more  to  the  student  than  a  vague  something 
which  he  recognizes  when  his  attention  is  directed  thereto. 
Instead,  he  must  have  a  mastery  of  at  least  the  fundamentals 
and  he  must  be  able  to  use  such  principles  and  processes  in 
his  later  studies  without  having  to  divert  his  attention  and 
energy  too  much  from  the  engineering  features  involved.  To 
acquire  this  facility'  requires  drill  and  repetition,  and  this  drill 
must  constitute  a  part  of  the  mathematical  training  of  the 
engineering  student.  The  multiplication  table  had  to  be 
learned,  and  many  other  important  things  have  to  be  acquired 
in  the  same  wav. 
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But  it  seems  that  this  important  side  of  instruction  may 
be  abused.  The  student  who  thinks  that  to  accept  facts  and 
work  problems  is  sufficient,  and  the  instructor  who  thinks  that 
illustrations  and  practice  work  alone  constitute  mathematical 
training  or  that  mere  laboratory  methods  suffice,  are  greatly 
mistaken.  The  mere  substitution  in  formulas  is  only  rule-of- 
thumb  work,  so  much  decried  in  engineering;  and  the  me- 
chanic who  knows  how  to  use  tools,  and  no  more,  is  not  an 
engineer.  There  must  be  a  direct  connection  with  the  theory 
and  the  philosophy  of  the  subject  to  make  the  practice  side 
serve  its  proper  purpose.  In  teaching  mathematics  years  ago, 
expressions  of  approval  came  to  me  because  I  was  so  "prac- 
tical," but  the  underlying  purpose  of  the  practical  part  was 
not  always  understood,  though  this  lack  of  understanding  did 
not  affect  the  results  of  the  method.  Inside  the  "sugar  coat- 
ing" there  should  always  be  a  principle  to  fix,  a  concept  to 
illumine,  a  process  to  exemplify,  a  derivation  to  expound. 
There  seems  to  be  a  tendency  among  some  to  overdo  this  side 
of  the  work  to  the  detriment  of  the  first  side.  While  the 
practice  feature  is  a  valuable  auxiliary  in  mathematical  in- 
struction, it  should  never  be  the  leading  motive.  Student  and 
instructor  alike  should  recognize  this. 

3.  Philosophy  of  the  Sithject. — The  basis  on  which  the  sci- 
ence rests,  the  underlying  meaning  of  the  mathematical  pro- 
cesses used,  a  philosophical  study  of  the  method  of  treatment 
and  of  the  concepts  used,  their  connection  with  related  things. 
This  is  difficult  to  discuss  in  a  general  way,  and  of  course 
this  phase  is  intimately  connected  with  the  first  and  second. 
To  my  mind  this  phase  should  not  be  neglected.  It  must  be 
apportioned  according  to  the  ability  of  the  student.  An 
understanding  of  the  philosophy  of  the  subject  will  widen  his 
field  of  view  and  lessen  the  chances  of  error.  The  better  grasp 
of  the  meaning  will  be  advantageous.  Its  presentation  in- 
volves difficulties,  and  text-books  generally  disregard  it.  It 
must  not  be  over-emphasized,  as  is  illustrated  by  the  treatment 
in  a  recent  text-book  in  applied  mathematics,  where  it  is  used 
largely  to  the  exclusion  of  analysis  and  demonstration. 
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Effective  methods  in  matliematical  subjects  involve,  then, 
the  skillful  selection  in  proper  proportion  from  these  three 
phases,  and  the  best  teacher  will  make  for  himself  the  best 
selection.  The  derivation  and  elucidation  of  mathematical 
principles,  facility  in  their  use  and  application,  and  an  under- 
standing of  the  basis  on  -which  principles  and  methods  rest 
are  aU  essential.  A  good  text-book — one  properly  proportioned 
— aids  greatly  in  the  work  of  instruction.  However,  it  is  the 
teacher  on  whom  reliance  is  placed  in  the  end.  and  for  the 
student  of  average  mathematical  ability  the  teacher's  influence 
constitutes  a  large  element.  It  is  highly  advantageous  for 
the  teacher  to  have  a  fair  knowledge  of  the  applications  of 
mathematics  which  the  student  will  make  in  later  work  and 
to  have  sympathy  and  interest  in  such  work.  Let  us  also 
emphasize  the  importance  of  having  the  best  teachers  for 
mathematical  instruction. 

Let  me  add  to  this  that  it  is  my  belief,  growing  stronger 
after  many  years  of  observation,  that  the  average  engineering 
student  gets  relatively  little  from  lectures  on  mathematical 
subjects;  that  many  instructors  talk  too  much  themselves; 
that  the  student  must  have  the  opportunity  to  express  himself 
and  must  be  required  to  use  the  mathematical  language  and  to 
try  his  own  skill,  and  this  in  other  than  formal  quizzes:  and 
that  recitation  and  drill  work  are  essential  factors  in  giving 
training  to  this  average  student. 

PRELBIIXAEY   REPORT    OF    THE    CO:\DnTTEE    ON 

THE    TEACHING    OF    AIATHEMATICS    TO 

STUDENTS  OF  ENGINEERING. 

BY  EDTVAED  T.  HUXTIXGTOX, 
Professor  of  Mathematics.  Harvard  University. 

The  joint  meeting  of  engineers  and  mathematicians  at  which 
this  committee  was  appointed  was  a  remarkable  instance  of 

the  value  of  such  joint  meetings  to  both  parties.    (See  abstracts 
of  discussion,  above.) 
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Most  of  the  speakers  evidently  came  to  the  meeting  expect- 
ing a  warm  discussion.  The  mathematicians  expected  that  the 
engineers  would  tell  them  that  what  they  wanted  is  practical 
arithmetic,  while  the  engineers  fully  expected  that  the  mathe- 
maticians would  tell  them  that  what  they  wanted  is  "pure 
mathematics"  "the  queen  of  the  sciences."  But  as  the  session 
progressed  everyone  was  astonished  to  find  that  no  conflict 
was  precipitated.  By  the  end  of  the  meeting  the  conference 
had  become  a  genuine  "love-feast"  between  the  engineers  and 
the  mathematicians. 

The  gist  of  the  discussion  was  this :  For  the  purposes  of  the 
engineer,  mathematics  is  a  tool  which  is  to  be  used,  but  which 
must  be  thoroughly  understood  to  be  used  intelligently.  The 
mathematicians  agreed  that  the  principles  rather  than  the 
details  of  manipulation  and  formulation  were  necessary  for 
the  engineers.  The  general  impression  was  that  mathematics 
beyond  the  calculus  is  not  much  used  or  needed  by  the  ordi- 
nary engineer,  but  that  the  engineering  student  should 
thoroughly  understand  all  the  principles  involved  in  mathe- 
matical work  through  the  calculus  and  mechanics. 

The  outcome  of  that  meeting  was  the  formation  of  this 
committee  on  the  teaching  of  mathematics  to  students  of  engi- 
neering. Three  persons  present  were  asked  to  form  this  com- 
mittee. A  committee  of  twenty  members  was  chosen,  rather 
widely  distributed  geographically,  but  not  intended  to  be  ex- 
haustive in  the  number  of  institutions  represented.  It  included 
only  those  known  to  be  vitally  interested  in  the  subject  and 
sympathetic  with  the  spirit  of  the  meeting.  The  committee 
was  left  largely  upon  its  own  responsibility  as  to  its  work. 
The  instructions  were  to  embody  in  some  permanent  form  the 
enthusiasm  of  the  meeting. 

The  first  undertaking  of  the  committee  was  to  collect  infor- 
mation as  to  the  present  methods  and  scope  of  mathematical 
instruction  in  engineering  schools.  A  large  amount  of  infor- 
mation was  collected  through  the  cooperation  of  nearly  forty 
of  the  leading  schools,  and  it  was  expected  that  a  report  based 
upon  these  statistics  would  be  given  at  this  time. 
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In  the  meanwtiile,  however,  a  much  larger  body  has  been 
formed,  The  International  Conmiission  on  the  Teaching  of 
]\Iathematics,  which  had  its  inception  at  the  International 
Congress  of  ^Mathematicians  held  in  Rome  in  1908.  This  com- 
mission consists  of  committees  of  three  each  from  all  of  those 
countries  in  which  mathematics  is  seriously  taught.  The 
American  commissioners  are  Professor  D.  E.  Smith,  Professor 
W.  F.  Osgood  and  Professor  J.  W.  A.  Young. 

In  order  to  avoid  duplication  and  trouble  to  the  institutions 
from  whom  information  is  being  obtained,  the  committee  has 
arranged  to  transfer  to  the  American  commissioners  all  of  the 
statistical  data  now  in  its  possession.  These  will  be  worked 
up  into  the  complete  body  of  information  which  will  result 
from  the  larger  scope  of  their  own  inquir^^  The  present  com- 
mittee has  therefore  nothing  to  report  on  this  head. 

In  addition  to  the  collection  of  statistics,  our  committee,  in 
December,  1908,  voted  to  compile  a  synopsis  of  the  mathe- 
matical work  which  is  regarded  as  a  minimum  desirable 
equipment  for  students  of  engineering.  The  chairman  and 
secretary  were  requested  to  obtain  opinions  on  the  subject 
from  as  many  different  sources  as  possible.  This  work  is  now 
in  progress  and  the  committee  respectfully  requests  an  exten- 
sion of  time  for  another  year,  in  which  to  complete  its  report. 
We  desire  the  cooperation  of  the  members  of  the  Society 
present,  in  helping  us  with  suggestions  as  to  the  scope  and 
purpose  of  such  a  sjTiopsis.  The  intention  is  to  get  together 
a  list  of  the  essentials  of  mathematics  for  an  engineering 
student ;  not  an  exhaustive  list  but  one  containing  those  sub- 
jects which  professors  of  technical  engineering  branches  have 
found  useful  to  students  of  engineering.  I  should  like  to 
suggest  a  short  list  of  these  topics,  by  way  of  opening  the 
discussion. 

Topic.  1. — Differential  Calculus;  meaning  and  use  of  the 
derivative  as  the  limit  of  the  ratio  of  differences. 

Topic  2. — Meaning  and  application  of  the  definite  integral, 
as  the  limit  of  a  sum. 
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Topic  3. — Meaning  and  use  of  the  indefinite  integral,  the 
inverse  of  differentiation,  with  the  solution  of  simple  differen- 
tial equations. 

Topic  4. — The  fundamental  theorem  in  the  integral  calcu- 
lus which  connects  the  indefinite  integral,  the  inverse  of 
differentiation,  with  the  definite  integral,  the  limit  of  a  series. 

If  the  student  knows  these  things  about  the  calculus,  he 
ought  to  be  able  to  understand  the  application  of  the  calculus 
to  all  engineering  work.  We  expect  to  give  a  much  more  de- 
tailed list  of  the  essentials  of  the  calculus,  but  it  seems  to  us 
that  all  the  student  really  needs  is  enough  of  the  calculus  to 
enable  him  to  do  his  work  properly,  and  to  apply  the  calculus 
to  engineering  work.  He  thus  does  not  feel  burdened  with  a 
mass  of  details,  but  rather  that  he  is  in  possession  of  a  great 
instrument  of  investigation.  He  has  some  consciousness  of  the 
scope  and  the  purpose  of  that  instrument  which,  as  we  all  know 
after  years  of  practice,  consists  of  a  very  small  number  of 
fundamental  principles. 

In  mechanics,  the  fundamental  principle  is  that  the  force 
acting  on  a  particle  is  to  the  weight  of  that  particle,  as  the 
acceleration  which  it  would  produce  if  the  particle  were  free  to 
move  is  to  the  acceleration  of  gravity.  In  that  form,  the  equa- 
tion needs  no  special  convention  in  regard  to  the  choice  of  the 
units  of  force.  The  accelerations  must  be  measured  in  the 
same  unit  of  acceleration,  and  the  force  in  the  same  unit  of 
force.  The  components  of  acceleration  along  the  x  and  y  axes 
and  also  along  the  tangent  and  normal,  must  be  understood. 
The  relation  between  circular  and  linear  motion  must  be 
thoroughly  mastered. 

Along  with  the  principle  of  force  and  acceleration  applied 
to  the  particle,  there  are  the  principles  of  center  of  mass, 
commonly  called  center  of  gravity,  the  principle  of  rotation 
and  the  principle  of  work  and  energy.  The  principle  of  rota- 
tion is  this :  when  a  body  is  free  to  move  about  a  fixed  axis, 
under  the  action  of  any  forces,  the  angular  acceleration  of 
the  body  is  equal  to  the  sum  of  the  moments  of  the  forces 
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about  the  given  axis,  divided  by  the  moment  of  inertia  of  the 
body  about  that  axis.  Here  moment  of  inertia  means  simply 
(w/g)k-,  where  k  is  the  radius  of  gyration  of  the  body  about 
the  given  axis;  the  concept  of  radius  of  gj^ration,  and  the 
units  in  which  it  is  measured,  are  more  easily  grasped  by  the 
student  than  the  concept  of  moment  of  inertia.  The  principle 
of  work  and  energy  is,  that  the  work  done  on  a  body  during  an 
interval  of  time  is  equal  to  the  change  of  kinetic  energy"  dur- 
ing that  interval.  The  only  other  essential  definitions  are 
impulse,  momentum  and  horse-power. 

In  such  a  list  as  this  especially  one  should  notice  the  number 
of  things  that  have  been  left  out.  The  poundal  and  the 
absolute  units  of  force  and  mass  are  not  mentioned.  Per- 
sonally I  am  opposed  to  the  unit  poundal.  The  formulae  con- 
cerning impulsive  forces  are  not  mentioned.  Impulsive  forces 
are  to  be  treated  exactly  like  any  other  forces. 

My  purpose  at  this  time  is  simply  to  open  the  discussion, 
as  the  Secretary-  of  the  Society  has  requested  me  to  do,  for 
the  purpose  of  enabling  those  members  of  the  Society  who 
may  have  a  desire  to  criticise  our  work,  to  do  so  after  the 
opening  of  the  regular  discussion.  We  shall  be  pleased  to 
receive  suggestions  regarding  topics  in  calculus  and  mechanics 
which  we  ought  not  to  have  omitted. 

This  tentative  list  has  been  made  by  the  Secretary  and  the 
chairman  and  has  not  been  submitted  to  the  committee.  The 
committee  is  in  no  way  responsible  for  it  and  will  doubtless 
have  many  criticisms  to  make  before  the  report  is  made  in 
final  form. 

Discussion. 

The  President:  I  should  like  to  hear  from  Mr.  Haskins, 
who  is  a  member  of  this  committee. 

Professor  Haskins  :  I  think  there  is  but  little  for  me  to  add 
to  the  general  statement  of  the  chairman  concerning  the  work 
of  the  committee  and  the  Chicago  discussion.  One  point 
brought  out  by  one  of  the  speakers  of  that  meeting,  a  practical 
engineer  occupying  a  post  of  great  responsibility,  was  this: 
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The  average  engineer  does  not  find  use  for  a  large  amount  of 
the  mathematics  that  he  learns  in  the  technical  school,  but  the 
engineer  whose  work  leads  him  to  deal  with  problems  which 
involve  the  frequent  use  of  this  science,  finds  his  success  as  an 
engineer  limited  largely  by  disability  as  a  mathematician. 

With  respect  to  the  synopsis  of  matters  in  the  calculus 
which  was  presented,  it  is  evident  that  that  synopsis  is  not 
intended  as  an  exhaustive  program  for  a  course  in  calculus  in 
any  technical  school.  It  is,  however,  in  my  opinion,  the 
ground  work  upon  which  all  successful  work  in  calculus 
must  be  built.  A  large  portion  of  the  work  which  the  instruc- 
tors in  mathematics  in  technical  schools  are  giving,  is  of  the 
nature  of  a  superstructure.  It  is  an  important  and  valuable 
superstructure,  but  it  is  nevertheless  a  superstructure,  and 
can  be  built  up  afterwards  if  necessary.  The  subjects  in  the 
synopsis  however,  are  the  ones  which  must  underlie  any  form 
of  superstructure  which  one  may  choose  to  raise  thereupon. 

The  President:  I  see  several  of  the  members  of  the  com- 
mittee present,  also  some  of  the  speakers  who  represented  this 
Society  at  Chicago  a  year  and  a  half  ago.  I  wonder  if  any  of 
them  have  changed  their  minds  as  to  what  engineers  ought  to 
be  taught  in  mathematics?  This  is  a  subject  in  which  we  are 
all  interested,  as  mathematics  is  the  backbone  of  the  engineer- 
ing course. 

Professor  Eddy:  Among  the  subjects  which  rightly  have 
been  proposed  to  us  as  fundamental  is  this  one  of  the  definite 
integral  as  the  sum  of  an  infinite  number  of  infinitesimal  ele- 
ments of  varying  size,  which  are  nevertheless  all  comparable 
to  each  other.  Furthermore,  it  appears  to  me  that  since  the 
mathematics  of  today  bases  itself  upon  series,  one  of  the  most 
fundamental  of  which  is  embodied  in  Maclaurin 's  theorem,  it 
is  not  possible  to  omit  that  subject  from  among  the  fundamen- 
tal ideas  which  must  be  conveyed  to  the  student  if  he  is  to 
have  a  comprehension  of  the  scope  and  underlying  ideas  of 
the  calculus.  You  may  perhaps  call  this  a  part  of  the  super- 
structure, but  it  is  a  part  of  the  superstructure  that  should  be 
considered  fundamental. 
4 
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Dean  Raymond  :  Mr.  President.  I  wish  to  inquire  as  to  the 
number  of  schools  in  which  mechanics  is  considered  a  part  of 
mathematics  ?  That  is  to  say.  in  how  many  schools  is  it  taught  in 
the  department  of  mathematics,  as  a  part  of  the  mathematics  ? 
It  has  so  happened  in  the  schools  that  I  have  been  familiar 
with  that  mechanics  has  not  been  taught  in  that  department. 
I  had  supposed  that  in  an  engineering  school  the  department 
of  mathematics  should  concern  itself  with  actual  or  pure 
mathematics,  and  not  with  what  might  be  properly  called 
applied  mathematics,  as  mechanics. 

Professor  Eddy:  If  the  committee  would  propose  a  plan 
whereby  all  the  professors  of  mathematics  would  teach  their 
mathematics  with  mechanics  always  in  view :  and  whereby  the 
professors  of  mechanics  would  teach  their  courses  in  mechanics 
in  the  clear  light  of  mathematics  and  with  that  sense  of 
reality  which  comes  from  dealing  with  mechanics  as  a  phys- 
ical affair,  as  mechanics  ought  to  be  dealt  with,  and  with  ap- 
plied mechanics  continually  in  view,  we  should  then  be  able 
to  attain  the  objects  which  we  desire.  Without  this  mutual 
adaptation,  the  instruction  in  these  two  subjects  will  in  my 
estimation  be  poorly  adapted  to  the  needs  of  engineering 
schools. 

The  President  :  I  am  very  much  interested  in  this  part,  of 
the  question.  I  suppose  it  is  not  so  much  a  matter  of  organi- 
zation as  it  is  the  point  of  view  of  the  man  who  gives  the  in- 
struction: whether  or  not  he  has  a  clear  understanding  of 
engineering  mechanics  and  appreciates  the  nature  of  the  prob- 
lems with  which  the  engineer  must  deal.  The  cutting  off  of 
mathematics  in  the  catalogues  in  one  place,  and  calling  the 
next  subject  mechanics  is  not  the  important  thing. 

President  Howe  :  I  am  a  member  of  the  committee  of  which 
Professor  Huntington  is  chairman,  and  he  has  told  the  Society 
what  has  been  done  from  the  date  of  the  appointment  of  the 
committee  to  the  present  time.  "We  are  still  gathering  infor- 
mation, and  we  still  desire  to  get  all  the  information  possible 
from  the  members  of  this  Society  who  are  actually  doing  the 
work  of  teaching  mathematics  and  mechanics.     It  seems  to  me 
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that  mathematics  is  not  only  the  tool  which  is  to  be  used  by 
the  engineer,  and  which  the  teacher  of  mechanics  must  expect 
his  students  to  have  some  knowledge  of  when  they  come  to 
him,  but  it  is  also  valuable  as  part  of  the  training  in  the 
engineering  school.  The  professor  of  mathematics  ought  to 
secure  all  the  information  which  Professor  Huntington  has 
spoken  of,  and  other  information  which  his  students  will  need 
later,  so  as  to  know  the  specific  subjects  which  he  should  teach 
them  in  order  to  prepare  them  for  engineering  work.  This 
is  true  because  the  pure  mathematics  comes  in  the  engineering 
school  before  most  of  the  applications  to  engineering  work. 
The  professor  of  engineering  should  tell  the  professor  of 
mathematics  what  he  wants  his  students  to  know,  but  the  pro- 
fessor of  mathematics  must  teach  the  subjects  in  his  own  way. 

He  cannot  confine  himself  absolutely  to  the  subject  which 
the  professor  of  engineering  says  he  wants  his  students  to 
know.  The  professor  of  mathematics  must  decide  what  is  to 
be  taught,  and  he  can  do  this  if  he  has  obtained  all  the  infor- 
mation possible  from  the  engineering  professors,  bearing  in 
mind  all  the  time  that  he  is  teaching  students  in  an  engineer- 
ing college.  These  two  departments  should  work  together  in 
this  way. 

I  do  not  believe  that  it  is  possible  for  the  department  of 
mathematics  to  show  the  students  how  to  apply  mathematics 
to  specific  engineering  problems,  except  in  the  most  elementary 
way.  This  has  been  a  disputed  point  for  many  years  between 
the  mathematicians  and  the  engineers — at  least,  between  some 
of  the  engineers  and  some  of  the  mathematicians.  And  some 
professors  of  engineering  have  claimed  that  the  mathematical 
work  in  their  institutions  was  not  thorough  enough,  because 
the  students  were  not  able  to  handle  mathematics  in  the  engi- 
neering department.  The  case  is  somewhat  similar  to  that  of 
the  student  who  begins  analj^tical  geometr^^  He  has  learned 
how  to  handle  the  ordinary  processes  in  algebra,  and  he  knows 
how  to  make  the  transpositions,  etc.  But  when  he  is  told  that 
he  must  give  a  geometrical  meaning  to  every  algebraic  equa- 
tion, it  is  new  and  difficult  for  him  at  first.    That  however  is 
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a  part  of  mathematics  and  the  professor  of  mathematics  must 
overcome  the  difficulty.  But  when  a  similar  problem  comes 
up  in  ciTil  or  electrical  engineering,  or  in  one  of  the  many 
parts  of  mechanics,  it  seems  to  me  that  the  work  must  be 
done  by  the  professor  of  engineering  or  mechanics,  and  not 
by  the  professor  of  pure  mathematics.  In  order  to  teach  these 
practical  problems  to  the  student,  one  must  teach  him  more 
or  less  of  the  engineering  subjects,  which  will  require  a  much 
longer  time  than  is  now  given  to  the  subject  of  pure  mathe- 
matics in  most  of  our  engineering  colleges. 

Professor  Fletcher  :  The  speaker  is  in  entire  accord  with 
Professor  Howe  on  this  matter,  believing  that  mathematics 
should  be  taught  as  mathematics,  and  applied  to  engineering 
when  the  student  takes  up  engineering  and  begins  to  master 
the  definitions  and  applications  which  are  distinctively  prob- 
lems of  engineering.  But  it  would  be  a  very  good  plan  for 
either  the  professor  of  mathematics,  or  some  representative  of 
the  engineering  departments  to  give  the  students,  at  the  proper 
point  in  their  mathematical  studies,  a  resume  of  the  applica- 
tions of  mathematics.  For  instance,  an  engineer  might  indi- 
cate the  uses  of  the  theorj"  of  the  higher  curves  and  other 
geometrical  principles  and  the  more  common  applications  of 
analytic  geometry  and  calculus  in  structural  and  mechanical 
engineering,  to  kinematics,  etc.  The  students  would  thus 
become  interested  in  the  subject,  and  for  that  reason  it  would 
be  a  great  advantage  for  them  to  be  enlightened  in  advance. 
It  is  difficult  to  decide  how  best  this  can  be  done,  and  at  what 
time  in  the  course  it  should  be  done.  But  we  will  aU  agree 
that  a  great  many  men  begin  mathematics  and  go  through  it 
with  very  little  idea  of  what  they  are  driving  at.  They  begin 
to  appreciate  the  utility  of  it  only  when  they  come  to  their 
engineering  studies.  They  then  find  that  they  have  wasted 
a  great  deal  of  time,  and  could  have  learned  a  great  deal  more 
and  appreciated  it  much  better  had  they  been  told  of  these 
things  in  advance. 

Professor  "SVillistox:  'Mt.  Chairman.  I  am  pleased  with 
the  increasing  emphasis  that  has  been  placed  upon  the  simple 
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fundamental  mathematical  principles  and  with  the  tendency 
to  decrease  their  number  to  that  of  the  essential  basic  ideas. 
This  will  help  us  a  great  deal  in  working  out  this  important 
problem.  It  is  important  because  the  teaching  of  mathematics 
to  engineering  students  involves  not  only  that  subject,  but  also 
the  most  important  of  all  technical  subjects,  pedagogy,  which 
is  at  the  base  of  all  technical  instruction. 

There  are  one  or  two  matters  that  have  not  been  emphasized 
in  the  discussion  this  afternoon.  TVe  all  agree,  undoubtedly, 
with  Professor  Howe,  that  a  professor  of  mathematics  cannot 
be  expected  to  be  a  professor  in  all  fields  of  engineering,  able 
to  show  the  application  of  the  basic  principles  of  mathematics 
to  this  or  that  branch  of  engineering.  Nevertheless,  I  am 
convinced  that  one  of  his  most  essential  functions  is  to  show 
the  application  of  these  principles  to  something  in  engineering 
and  to  do  it  constantly.  The  principles,  appearing  simply 
as  abstract  propositions,  are  not  what  engineers  need.  They 
need  basic  principles  to  use,  and  one  of  their  requirements 
is  the  process  of  using  them.  It  is  not  necessary  to  go  into 
the  advanced  fields  of  engineering  to  find  illustrative  material. 
In  elementary  physics  there  is  abundant  material  with  which 
to  apply  the  principles. 

Finally,  I  believe  in  connection  with  the  teaching  of  the 
principles  of  mathematics  and  of  mechanics,  that  numerical 
applications  should  be  made  continually.  Let  me  give  an 
illustration  to  show  the  necessity  of  this.  In  the  course  of  the 
year  I  interview  many  prospective  teachers,  applicants  for 
positions  either  in  mathematics  or  applied  science.  If  they 
tell  me  that  they  have  taken  advanced  courses  in  mathematics 
and  have  made  a  specialty  of  mathematics,  I  usually  give  them 
a  simple  problem,  to  find  the  area  of  a  triangle.  I  never  find 
a  man  who  can  put  the  limits  in  right.  They  do  not  know 
how  to  do  it.  On  the  other  hand,  they  can  go  through  the 
process  of  integration  of  almost  any  formula,  but  when  it 
comes  to  determining  by  means  of  that  formula  the  area  of  a 
triangle,  they  cannot  do  it.  The  question  is,  therefore,  not  so 
much  what  shall  be  included,  as  it  is  what  is  the  best  way  of 


54  TEACHIISTG    ENGINEERING    MATHEMATICS. 

making  the  teaching  concrete.  For  men  who  are  to  deal  all 
their  lives  with  practical  problems,  and  who  must  obtain  con- 
crete results  from  concrete  data,  the  importance  of  this  cannot 
be  overestimated.  I  also  place  a  great  deal  of  importance  upon 
the  application  of  the  principles  by  the  students,  in  order  to 
help  them  become  familiar  with  some  of  the  things  that  the 
professors  of  engineering  will  want  them  to  know  later. 

The  President:  A  great  deal  of  difficulty  arises  from  the 
use  of  inexperienced  instructors  in  this,  as  well  as  in  all  other 
lines  of  work ;  men  who  do  not  know  how  to  teach.  The  theory 
of  teaching  has  its  value,  and  the  young  instructor  can  learn 
a  great  deal  by  studying  the  methods  of  older  men. 

Professor  Huntington  :  It  seems  to  me  desirable  that  there 
should  be  a  classification  of  engineering  problems  of  a  mathe- 
matical nature  according  to  the  mathematical  principles  and 
methods  employed  in  their  solution;  this  would  be  a  suitable 
topic  for  a  master's  thesis. 

Professor  V.  Kj^rapetoff  (by  letter) :  The  writer  gave  at 
Cornell  in  1908-9  a  course  in  "Engineering  Calculations," 
for  seniors  in  engineering  courses.  The  course  consisted  of 
two  recitations  per  week  throughout  the  year  and  of  problems 
to  be  worked  out  at  home;  Perry's  "Calculus  for  Engineers" 
was  used  as  a  text-book,  supplemented  by  various  extra  prob- 
lems. The  work  comprised  mainly  applications  of  calculus 
and  analytic  geometry  to  the  solution  of  problems  taken  from 
mechanical,  civil  and  electrical  engineering.  The  following 
are  some  of  the  conclusions  to  which  the  writer  came,  at  the 
end  of  the  year: 

1.  There  should  be  a  place  for  such  a  course  in  the  senior 
year  of  every  engineering  college,  but  the  course  must  be 
strictly  elective,  for  those  mathematically  inclined.  There 
always  are  a  few  students  whose  mathematical  talent  in  ap- 
plication to  engineering  problems  remains  dormant  without 
such  a  stimulus. 

2.  The  principal  emphasis  must  be  laid  upon  the  reasoning 
by  which  engineering  problems  are  clothed  in  a  mathematical 
form,    and  not   upon   routine   mathematical  operations   and 
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transformations.  Experience  showed  that  as  soon  as  the  stu- 
dents began  to  feel  ground  under  their  feet  they  referred  to 
their  old  books  and  notes  for  purely  mathematical  rules. 

3.  The  idea  of  cooperation  and  division  of  labor  with  pure 
mathematicians  must  be  maintained  all  the  time.  The  stu- 
dents must  understand  that  an  expert  in  pure  mathematics 
may  not  be  able  to  solve  an  engineering  problem  until  it  is 
reduced  to  his  language ;  but  after  this  has  been  done,  he  may 
be  able  to  indicate  a  simpler  and  a  better  solution  than  can 
an  engineer,  who  handles  such  problems  only  occasionally. 

4.  The  student  must  be  made  familiar  with  time  and  labor- 
saving  methods,  such  as  plotting  to  a  logarithmic  scale;  ex- 
panding into  a  series  for  numerical  calculations,  or  integra- 
tion; graphical  and  approximate  solutions  of  equations;  the 
use  of  all  kinds  of  tables,  etc.  In  this  connection  the  writer 
wishes  to  mention  the  following  books  which  he  has  found 
useful:  Peirce,  "A  Short  Table  of  Integrals";  Seaver,  "Math- 
ematical Handbook";  Saxelby,  "Practical  Mathematics"; 
Castle,  "Practical  Mathematics." 

5.  Many  engineering  problems  involve  more  than  one  inde- 
pendent variable;  therefore,  a  considerable  amount  of  time 
was  spent  in  solving  problems  involving  the  use  of  partial 
derivatives  in  analytic  treatment,  and  of  surfaces  in  graphical 
treatment.  Very  little  trouble  was  experienced  in  these  mat- 
ters as  soon  as  the  students  understood  their  practical  sig- 
nificance. Two  large  metal  models  were  constructed  to  facili- 
tate the  understanding  of  the  subject.  One  model  showed  the 
surface  pv  =  RT,  corresponding  to  the  characteristic  equation 
of  the  perfect  gas.  The  other  illustrated  the  general  relation 
between  partial  derivatives  and  the  complete  differential.  The 
writer  hopes  to  publish  a  complete  description  of  these  models 
later  on. 

6.  All  problems  must  be  carried  to  their  final  practical  con- 
sequences and  numerical  results.  The  student  must  see  the 
import  of  the  solution  and  the  fact  that  it  could  not  be  arrived 
at  in  any  simpler  ' '  common  sense, "  or  "  rule  of  thumb ' '  man- 
ner.    The  influence  of  fundamental  assumptions  and  of  ex- 
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perimental  coefficients  must  be  emphasized,  and  no  results 
should  be  allowed  to  stand  without  analyzing  the  practical 
limits  of  their  validity  and  accuracy.  As  a  prominent  French 
engineer,  Dupuit,  has  well  said :  * '  Formulas  are  but  tools  which 
may  guide  intelligence,  but  can  never  replace  it. ' ' 

7.  In  his  search  for  suitable  problems  the  writer  went 
through  numerous  American  and  foreign  books  and  periodi- 
cals on  machine  design,  structural  mechanics,  resistance  of 
materials,  hydraulics,  thermodynamics,  and  electrical  engi- 
neering. He  expects  to  publish  a  collection  of  such  problems 
with  solutions,  hoping  that  it  may  facilitate  the  work  of 
teachers  of  higher  mathematics  for  engineers. 

In  conclusion,  the  writer  wishes  to  make  the  following 
recommendations  with  respect  to  teaching  pure  and  applied 
mathematics  in  engineering  colleges : 

A.  The  course  must  be  made  continuous  throughout  the 
four  or  five  years,  and  not  concentrated  during  the  freshman 
and  sophomore  years,  as  is  done  now. 

B.  Engineering  applications  should  be  given  throughout  the 
course.  The  course  should  be  taught,  at  least  during  the 
first  two  years,  by  a  person  who  has  had  engineering  training, 
or  is  markedly  inclined  towards  applied  mathematics.* 

C.  The  following  courses  in  mathematics,  in  application  to 
a  five-year  course,  are  suggested:  first  year,  applications  of 
elementary  mathematics  to  engineering;  second  year,  intro- 
duction to  analytics  and  calculus,  limited  to  engineering 
applications;  third  year,  elementary  analytics  and  calculus; 
fourth  year,  advanced  analytics  and  calculus ;  fifth  year,  elec- 
tive studies  in  higher  mathematics,  and  in  mathematical 
physics  and  mechanics. 

This  schedule  is  taken  from  the  table  in  the  writer's  paper, 
"On  the  Concentric  Method  of  Education  in  Engineering," 
presented  before  the  Detroit  meeting  of  the  Society  in  1908. 

*  In  arithmetic  most  problems  are  taken  from  life  and  commerce ;  why 
should  not  the  problems  in  calculus  be  taken  from  man 's  future  pro- 
fession, instead  of  being  meaningless  exercises  in  abstract  ingenuity? 
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Agriculture. 

In  no  other  field  of  governmental  activity  in  the  United 
States,  whether  the  unit  of  government  be  the  township,  the 
county,  the  state  or  the  nation,  has  the  lack  of  skilled  super- 
vision been  so  marked  as  in  the  building  and  maintenance 
of  the  public  roads.  There  are  to-day  more  than  100,000 
petty  road  officials  in  the  United  States,  comparatively  few  of 
whom  possess  an  adequate  knowledge  of  road  building. 

There  were  at  the  close  of  the  year  1904,  2,151,000  miles  of 
road  in  the  United  States  of  which  less  than  39,000  miles 
were  surfaced  with  stone,  and  less  than  154,000  miles  with 
gravel,  although  the  expenditures  aggregated  about  $80,000,- 
000  per  annum  in  money  and  labor,  or  about  $1.05  for  each 
inhabitant.  These  figures  give  color  to  the  claim  that  half 
of  our  road  revenues  are  wasted. 

Within  a  period  of  eighteen  years,  however,  a  change  has 
taken  place  in  our  systems  of  road  administration — a  change 
which  involves  substitution  of  centralization  for  localization 
in  road  work,  the  elimination  of  statute  labor,  a  large  increase 
in  cash  road  revenues,  a  general  and  more  continuous  system 
of  maintenance,  and  a  more  practical  and  business-like  ad- 
ministration in  this  whole  field  of  public  activity. 

State  participation  in  road  building  and  maintenance,  be- 
ginning in  1891,  is  now  accepted  either  in  practice  or  prin- 
ciple by  nearly  half  of  the  states,  and  every  change  in  the 
road  laws  of  these  states  has  been  towards  a  broadening  of 
the  scope  and  authority  of  the  state  highway  departments  and 
increased  state  appropriations  for  this  purpose.  Other  states 
are  actively  considering  the  matter,  and  it  is  now  apparent  to 
all  students  of  the  subject  that  it  is  only  a  question  of  time 

57 


58  HIGHWAY    EXGIXEEBIXG. 

when  every  state  will  have  adopted  the  state  aid  and  super- 
vision plan. 

The  success  of  these  reforms  rests  upon  the  ability  of  the 
states  to  obtain  an  adequate  number  of  men  qualified  to 
direct  properly  the  building  and  maintenance  of  the  public 
roads. 

The  commerce  of  the  country  demands  better  highways, 
and  these  can  be  secured  only  by  skilled  supervision.  If  for 
any  reason  the  supply  of  highway  engineers  is  insufficient  to 
meet  the  demand,  disastrous  results  must  ensue.  Xot  only 
would  this  mean  large  financial  losses,  but  failure  at  this  stage 
of  the  progress  would  undoubtedly  result  in  a  reaction  of 
public  sentiment,  which  would  retard  the  development  of  road 
building  in  the  United  States  possibly  for  many  years. 

This  brings  the  question  fairly  and  squarely  before  the 
educational  institutions  of  this  country.  If  sufficient  high- 
way engineers  are  not  available  it  is  because  the  educational 
institutions  have  not  grasped  the  significance  of  this  great 
movement  for  better  highways,  and  have  failed  to  make  ade- 
quate provision  for  broadening  the  scope  of  this  branch  of 
engineering.  I  believe  that  this  is  partly  the  case,  and  I  take 
the  liberty  of  submitting  for  your  consideration  the  results 
of  an  investigation  which  I  conducted  in  March  of  this  year, 
through  the  U.  S.  Office  of  Public  Koads.  on  this  subject. 

A  circular  letter  was  sent  out  containing  three  questions, 
to  ascertain  the  status  of  highway  engineering,  the  plans  for 
improvement,  and  possible  line  of  cooperation  between  engi- 
neering schools  and  the  Office  of  Public  Roads.  Replies  to 
about  70  per  cent,  of  these  letters  have  been  received,  and  of 
this  number  about  50  per  cent,  indicate  no  course  in  highway 
engineering.  Of  the  50  per  cent,  who  do  have  such  courses, 
one  third  indicate  their  intention  to  extend  them,  one  third 
not  to  extend  them,  and  one  third  were  non-committal.  Of 
the  50  per  cent,  who  have  no  courses.  15  per  cent,  indicate 
their  intention  to  establish  them  as  opportunity  presents  itself, 
or  as  soon  as  demand  is  forthcoming  for  such  a  course. 

The  method  of  instruction  is  divided  between  lectures  and 
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class-room  work,  with  a  balance  probably  in  favor  of  the  class- 
room. One  school  gives  8  lectures,  another  27  and  proposes  to 
add  3  more  on  the  subject  of  county  highway  bridges  during 
the  coming  year.  Others  indicate  that  part  of  the  instruction 
is  by  lecture. 

The  amount  of  class-room  work,  or  time  allotted  to  highway 
engineering  in  different  institutions,  is  stated  as:  2  hours  per 
week  for  16  weeks ;  2  hours  per  week  for  1  term ;  2  hours  per 
week  for  14  weeks;  3  distinct  courses;  3  hours  per  week  for 
1  term;  5  hours  per  week;  2  hours  per  week  for  1  term;  5 
hours  for  5  weeks;  4  hours  per  week  for  2  months;  1  hour 
per  week  for  one  term,  25  to  35. 

Text-books  used  are  Baker,  Byrne,  Morrison,  Richardson, 
Spaulding,  and  publications  of  the  Office  of  Public  Roads. 

Less  than  one-fifth  of  the  schools  giving  a  course  in  high- 
way engineering  have  a  laboratory  in  which  tests  are  made  of 
road  building  materials,  and  less  than  one-eighth  indicate 
that  any  work  is  done  making  surveys  or  plans  for  highway 
improvement.  Among  the  last  number  is  one  school  that  re- 
quires each  student  to  make  plans,  profile,  cross-sections,  and 
estimate  for  five  miles  of  improved  highway,  data  for  same 
being  taken  from  the  topographic  sheets  of  the  U.  S.  Geo- 
logical Survey. 

No  schools  are  considering  the  question  of  dust  preventives 
and  less  than  10  per  cent,  indicate  that  attention  is  given  to 
road  economics. 

Fifty  per  cent,  of  those  replying  requested  information  that 
would  aid  them  in  establishing  laboratories  for  the  practical 
testing  of  road  materials  or  otherwise  improving  their  courses 
to  better  meet  the  present  demands.  Twelve  schools  have 
requested  that  a  lecturer  be  sent  during  their  course  from  the 
Office  of  Public  Roads  to  give  one  or  more  illustrated  lectures 
on  the  subject  of  highway  construction. 

Road  building  is  an  art  based  upon  a  science,  and  it  is  nec- 
essary that  this  be  borne  in  mind  in  evolving  any  plan  for 
improvement  in  existing  courses  of  instruction.  It  is  the  prov- 
ince of  the  educational  institutions,  it  seems  to  me,  to  provide 
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adequately  for  instruction  in  the  principles  of  engineering 
applicable  to  road  building,  and  to  give  their  moral  support 
and  influence  toward  obtaining  for  the  students  the  actual 
practice  of  road  building  outside  of  the  college,  which  is  so 
essential  to  the  acquirement  of  the  art  of  road  building. 

The  suggestions  which  I  have  to  offer  will  apply,  therefore, 
first,  to  the  instruction  given  in  the  college,  second,  to  the 
activity  of  the  college  outside  of  this  sphere. 

I  would  first  suggest  that  a  more  thorough  course  of  in- 
struction in  highway  survej'ing  be  given,  and  that  each  stu- 
dent should  be  required  to  prepare  profiles,  plans,  cross-sec- 
tions and  estimates  for  a  sufficient  length  of  road  to  familiarize 
him  thoroughly  with  this  branch  of  the  work.  In  this  connec- 
tion, I  call  your  attention  to  the  fact  that  less  than  one  eighth 
of  the  colleges  rephing  to  our  inquire-  now  require  students 
to  perform  such  work. 

An  elementary  course  in  geology  should  form  part  of  the 
instruction  of  every  student  in  highway  engineering,  so  as 
to  enable  him  to  become  familiar  with  the  appearance,  char- 
acteristics and  nature  of  occurrences  of  all  the  more  com- 
monly used  road  materials.  It  is  not  uncommon  for  an 
engineer  to  take  up  the  work  of  road  building  with  absolutely 
no  knowledge  of  road  materials. 

]\Iodern  traffic  conditions  are  such  that  the  building  of 
practically  dustless  roads  in  the  vicinity  of  all  great  centers 
of  population  has  become  necessary-.  This  involves  the  general 
use  of  bituminous  and  other  binders,  and  it  is  essential  that 
the  colleges  give  such  instruction  to  the  student  in  highway 
engineering  as  will  equip  him  with  a  sufficiently  accurate 
knowledge  of  these  materials  to  understand  properly  specifi- 
cations for  roads  of  this  character. 

I  desire  also  to  impress  upon  you  the  importance  of  devoting 
greater  attention  to  the  study  of  road  economics,  for  the 
reason  that  the  average  highway  engineer  in  most  cases  be- 
comes a  public  official  charged  with  administrative  duties  in- 
volving large  expenditures  of  money. 

The  practical  experience  in  the  building  of  roads  which  the 
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student  should  have  before  beginning  the  practice  of  his  pro- 
fession must  be  obtained  outside  of  the  college.  This  instruc- 
tion the  Office  of  Public  Roads  has  been  endeavoring  to  supply 
to  a  limited  number  of  graduates  in  civil  engineering  during 
the  past  four  years.  The  plan  under  which  we  have  been 
operating  provides  for  annual  competitive  examinations  to 
which  graduates  and  members  of  the  senior  classes  in  civil 
engineering  are  admitted.  From  the  register  thus  obtained, 
appointments  are  made  at  a  salary  of  $60  per  month  and  field 
expenses.  These  students  are  given  thorough  training  in  the 
laboratory,  and  are  then  sent  to  the  field  and  given  practical 
training  in  all  branches  of  road  construction,  including  the 
making  of  surveys,  the  preparation  of  plans,  cross-sections, 
estimates  and  specifications,  the  operation  of  machinerj^,  and 
the  supervision  of  various  branches  of  the  work.  During  the 
months  of  January  and  February  of  each  year,  they  are  called 
in  to  "Washington  and  are  given  a  scheduled  course  of  theo- 
retical and  practical  instruction,  which  includes  a  study  of 
bitumens,  clays,  asphalts  and  cements,  the  chemical  and  petro- 
graphic  analyses  and  physical  tests  of  all  road  materials,  the 
study  of  road  legislation  and  administration,  library  research, 
plotting,  planning,  computing,  estimating,  problems,  checking 
reports,  computation  of  unit  costs  and  the  preparation  of  cost 
data.  They  are  required  to  prepare  papers  dealing  with 
various  phases  of  road  work,  and  to  read  and  discuss  them  at 
meetings  and  to  prepare  in  addition  a  thesis  covering  some 
particular  branch  of  the  year's  study.  In  all  twenty-three 
students  have  been  appointed. 

I  realize  that  this  plan  will  provide  but  a  small  percentage 
of  the  engineers  which  will  be  required.  Nearly  half  of  the 
states  now  have  state  highway  departments,  however,  and  I 
would  suggest  that  the  college  authorities  arrange  with  these 
highway  departments  for  the  employment  of  students  in  high- 
way engineering  during  the  summer  months,  at  a  nominal 
salary.  In  this  way,  the  highway  departments  would  secure 
competent  assistants  for  a  small  outlay;  the  colleges  would 
then  supplement  their  regular  courses,  and  the  student  would 
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obtain  the  training  which  is  essential  for  him  before  he  under- 
takes work  on  his  own  responsibility. 

Beyond  this  point,  the  Office  of  Public  Roads  wiQ  afford 
every  facility  for  additional  engineering  students  to  receive 
instruction  both  in  the  laboratory  and  in  the  field,  but  no  com- 
pensation can  be  paid. 

Discussion. 

The  Presidext  :  The  meeting  is  now  open  for  consideration 
and  discussion  of  the  paper  just  read  by  Mr.  Page.  As  there 
is  great  variety  of  practice  in  highway  construction  we  shall 
be  interested  to  hear  comments  on  this  paper. 

Mr.  TVilet:  I  do  not  know  much  about  highway  construc- 
tion, but  I  was  in  the  State  of  Rhode  Island  recently  and  I 
had  an  opportunity  to  make  a  tour  of  inspection  with  some  of 
the  officials  of  that  state.  One  was  a  professor  in  Brown 
University:  another,  the  Superintendent  of  Streets  of  Brook- 
line,  ^lass. :  another,  the  Superintendent  of  Streets  of  Xewton, 
]\rass.  We  inspected  in  Providence  a  bituminous  macadam 
which  had  been  submitted  to  very  heavy  traffic,  of  automobiles 
and  drays.  During  last  winter,  a  comparatively  open  one.  it 
was  subjected  to  sharp-shod  horse  traffic.  Next,  we  examined 
in  the  Charleston  district,  beyond  Xarragansett  Pier,  a  bitu- 
minous macadam  road  which  had  only  been  subjected  to  a 
very  light  dray  traffic  and  considerable  automobile  traffic. 
That  bituminous  macadam  had  been  in  place  for  three  years, 
and.  where  the  instructions  of  the  superintendent  of  roads 
had  been  completely  followed,  it  seemed  to  show  very  little 
wear.  I  speak  of  this  because  the  highway  engineer  had  a 
laboratory  and  many  of  the  students  in  the  laboratory  were 
competent  to  supervise  the  building  of  roads,  and  to  suggest 
such  improvements  and  changes  as  the  laboratory  experiments 
showed  to  be  desirable.  The  superintendents  of  streets  were 
very  much  interested  in  what  the  professor  in  the  party  had 
to  say.  The  professor,  in  turn,  was  interested  in  learning  the 
result  of  their  experience  in  actual  work.  This  shows  the  co- 
operation which  exists  between  the  practical  man  and  the 
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student.  We  are,  as  Mr.  Page  has  said,  very  much  interested 
in  getting  a  good  dustless  road.  "With  the  supply  of  cheaper 
asphalt  mixtures  we  are  likely  to  get  a  good  bituminous 
macadam  road,  at  not  very  much  more  expense  than  the  ordi- 
nary old-fashioned  macadam  road.  This  is  a  good  business 
proposition  as  our  automobilists  are  generally  our  best  tax- 
payers. 

Mr.  Page:  Mr.  Wiley  probably  refers  to  the  work  of  ]\Ir. 
Blanchard,  who  is  doing  such  excellent  work  with  his  students. 
He  is  building  most  excellent  roads  in  the  State  of  Rhode 
Island. 

There  is  a  rather  new  material  which  promises  to  be  an 
excellent  dust  layer.  This  is  the  refuse  sulphite  liquor  of  the 
pulp  mills  which  has  been  turned  into  our  rivers,  polluting 
them  and  killing  the  fish.  I  recently  made  an  experiment 
with  this  material  in  road  building.  By  simply  sprinkling 
it  on  a  macadam  road  surface  I  succeeded  in  getting  a  road 
through  which  a  pick  could  scarcely  be  driven.  It  is  perfectly 
dustless. 

Professor  Allen  :  It  is  interesting  in  observing  the  develop- 
ment of  highway  work  to  note  that  those  who  a  few  years  ago 
understood  the  construction  of  macadam  roads  were  in  a  good 
position  to  teach  highway  engineering.  In  the  last  few  years 
the  development  has  been  largely  in  the  coatings  for  fixing 
the  dust  and  the  macadam  material,  so  that  those  who  form- 
erly knew  all  about  highways  may  know  almost  nothing  use- 
ful to-day.  They  are  entirely  out  of  line  unless  they  have 
kept  in  touch  with  these  new  matters. 

After  a  recent  meeting  of  the  Massachusetts  Highway  As- 
sociation, I  had  occasion  to  state  that  the  old-time  builders 
of  macadam  roads  are  entirely  out  of  line.  The  superinten- 
dents referred  to  by  ^Mr.  Wiley  subscribed  to  that  most  fully. 
I  repeat,  therefore,  that  there  has  been  a  very  great  change, 
and  unless  the  people  who  are  teaching  highway  engineering 
keep  up  with  these  new  developments,  they  certainly  must  be 
very  inefficient. 

Mr.  Page:  The  present  condition  in  highway  engineering 
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described  by  Professor  Allen  is  an  abnormal  one.  The  activity 
along  tbis  line  of  work  for  the  past  few  years  has  been  tre- 
mendous, and  the  state  appropriations  have  grown  correspond- 
ingly. For  example,  the  State  of  New  York  has  appropriated 
fifty-five  million  dollars  to  be  spent  on  highways,  and  one 
county  (Los  Angeles.  California)  has  appropriated  three  mil- 
lion and  a  half  dollars.  Santiago  County  is  just  about  to 
appropriate  a  million  and  a  quarter.  Experienced  highway 
engineers  are,  therefore,  in  demand.  This  condition  will  be 
met  in  fifteen  years  probably,  but  there  are  not  enough  ex- 
perienced highway  engineers  at  the  present  time. 

I  will  state,  further,  that  the  salary  of  the  highway  engi- 
neer is  now  very  good  indeed.  One  of  the  first  men  who  took 
the  course  that  I  have  described  remained  with  us  just  one 
year  after  completing  the  course.  I  then  secured  for  him  a 
position  as  chief  engineer  of  Los  Angeles  County,  Cal.  at  a 
salary  of  forty -five  hundred  dollare  a  year.  He  received  fif- 
teen hundred  dollars  while  with  us.  Letters  come,  almost 
every  week,  with  requests  for  experienced  highway  engineers 
for  important  work.  I  cannot  get  them,  for  they  all  have 
good  positions. 

Pkofessor  Allen  :  The  position  that  applied  chemistry  has 
taken  as  a  branch  of  engineering  is  not  confined  to  highway 
engineering,  but  is  found  in  other  branches  as  well.  The 
study  of  highway  materials  is  a  branch  of  applied  chemistry, 
even  more  perhaps,  than  it  is  of  engineering:  and  I  am  not 
sure  but  that  sometime  in  the  future,  instruction  in  materials 
will  be  given  by  chemists  rather  than  by  engineers. 

Professor  Emory:  Will  ^Mr.  Page  kindly  tell  us  whether 
the  dry  scraper  or  the  old-fashioned  road  machine  is  the 
better?  Also,  has  any  action  been  taken  by  his  department  to 
extend  a  knowledge  of  the  necessity  for  the  use  of  wide 
tires? 

^Ir.  Page  :  "We  are  doing  a  great  deal  toward  disseminating 
information  in  regard  to  building  the  "drag"  that  has  just 
been  referred  to.  I  still  employ  the  man  who  designed  the 
first  drag,  Mr.  D.  Ward  King.     I  have  sent  him  about  to 
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address  meetings  of  fanners,  county  commissioners  and  road 
overseers,  and  to  lecture  and  demonstrate  the  method  of 
building  as  well  as  using  the  drag.  I  have  several  other  men 
who  have  become  expert  with  it.  It  is  the  best  and  cheapest 
form  of  maintaining  an  earth  road  that  I  know  of,  far  better 
than  the  road  machine.  I  have  photographs  of  two  adjacent 
sections  of  road  in  Mississippi,  one  crowned  with  a  road- 
scraper,  the  other  with  a  road  drag.  And  last  fall,  I  had 
photographs  taken  of  the  two,  from  the  dividing  line,  in  each 
direction.  The  photographs  show  that  the  road  crowned  with 
a  drag  was  in  excellent  condition.  The  other  was  a  perfect 
"slough  of  despond." 

Mr.  Emory:  Have  3^ou  any  data  relative  to  the  cost  of 
operating  the  drag  as  compared  with  that  of  the  road 
machine  ? 

]\Ir.  Page  :  I  do  not  believe  that  there  is  much  difference  in 
cost.  The  original  cost  of  a  road  machine  is  not  ven,-  great, 
but  the  drag  can  be  built  by  any  wheelwright  for  two  or  three 
dollars.  If  it  is  operated  properly,  it  can  be  driven  eight  or 
ten  miles  a  day. 

"We  have  not  had  much  to  say  about  the  use  of  broad  tires. 
The  whole  problem  is  to  improve  the  roads  so  that  any  tire  will 
operate  upon  them.  Last  summer  we  made  a  series  of  tests 
with  a  light  road  wagon  which  could  be  equipped  with  eight 
different  types  and  widths  of  tires.  "We  hope  to  publish  the 
data  from  these  tests  verj-  shortly.  However,  the  best  plan  is 
to  build  a  road  that  will  stand  any  ordinary  width  of  tire. 

Professor  Allen:  Some  years  ago  this  was  a  very  urgent 
question  before  the  ^Massachusetts  Highway  Commission.  One 
point  of  view,  perhaps  the  controlling  point  of  view,  which 
they  took,  and  which  prevented  their  recommending  any  legis- 
lation was  this :  that  on  fairly  good  roads  a  \vide-tired  vehicle 
undoubtedly  improves  the  road,  but  when  a  road  becomes  poor 
and  vehicles  sink  to  the  hub,  it  is  somewhat  more  troublesome 
to  extricate  the  wide-tired  wheel  than  the  narrow-tired  wheel. 
When  the  road  exceeds  a  certain  degree  of  inferiority,  the 
wide  tire  is  probably  a  disadvantage.  In  Massachusetts  they 
have  decided  to  leave  the  matter  alone. 
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The  Pbesidext  :  This  is  one  of  the  most  interestiiig  examples 
of  how  changes  in  the  science  and  practice  of  one  hranch  of 
engineermg  are  brought  about  through  the  development  of  some 
related  art.  The  automobile  has  upset  all  of  oxir  old  theories 
of  road-building,  until  now  we  know  scarcely  anything  about 
the  subject,  and  have  to  begin  all  over  again.  This  fact  should 
interest  particularlv  the  schools  supiwrted  bv  the  state,  espe- 
cially in  those  states  where  large  public  espenditures  for 
public  roads  are  contemplated.  It  is  a  line  of  study  well 
worth  the  best  thought  of  those  who  are  teaching  and  studying 
in  that  department 
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Engineering  is  peculiarly  a  progressive  profession.  Its 
practice  demands  constant  improvement  in  controlling  natural 
forces  for  material  advantage.  Its  principles  are  fixed,  but 
their  application  is  mutable,  and  in  following  the  constantly 
growing  number  of  applications  the  history  of  engineering 
has  become  one  of  constant  expansion,  the  development  of 
theon,'  affording  an  ever  wider  and  wider  circle  of  contact 
with  practical  applications,  until  now  there  is  practically  no 
phase  of  our  industrial  system,  of  our  social  organization, 
even  of  our  domestic  occupations,  which  does  not  rest  at  some 
point  upon  the  work  of  the  engineer. 

This  new  and  highly  vigorous  enlargement  of  the  scope  and 
functions  of  the  engineer  began  with  that  well-known  group 
of  inventions  introducing  the  factory  era.  In  these  dynamic 
applications  was  inherent  a  vigor  of  swift  and  many-branched 
evolution  destined  to  change  the  face  of  civilization  more  in  a 
hundred  years  than  the  older  works  of  static  engineering  had 
changed  it  in  many  hundred.  No  force  so  pervasive,  so  in- 
sistent on  constant  progress  in  production  and  in  efficiency 
of  production,  could  be  introduced  into  society  without  alter- 
ing profoundly  its  outward  form  and  its  ideals.  The  daily 
routine,  the  home  surroundings,  the  food,  clothing,  the  occu- 
pations open  and  the  experiences  accruing  to  every  individual, 
were  widely  changed  by  the  new  order.  The  things  society 
now  demands  of  the  man  and  the  things  a  man  now  demands 
of  society  are  quite  unlike  those  known  to  our  great  grand- 
fathers. And  no  change  so  universal,  so  intrusive,  could  fail 
to  affect  an  institution  as  vitally  interwoven  with  the  social 
fabric  as  education.    Even  that  most  conservative  and  slowly 
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changing  of  all  eoncpts  and  orders — the  ecclesiastical — ^had  to 
yield  much  to  the  scientific  mode  of  thought :  and  educational 
institutions,  by  tradition  associated  intimately  with  the 
clerical  establishment,  and  only  slightly  less  reluctant  to  admit 
change  or  revision,  were  forced  to  defer  to  new  ideas  of  what 
a  man  should  be  expected  to  do  and  how  he  should  be  prepared 
to  do  it. 

The  movement  made  its  influence  felt  in  the  courses  in  the 
classics,  arts,  and  letters;  but  its  most  emphatic  expression 
was  found  in  the  foundation,  the  growth,  and  the  progressive 
specialization  of  the  schools  of  applied  science.  Here  it  ap- 
peared in  its  full  measure,  as  a  secession  which  has  not  yet 
been  accepted  with  entire  toleration  nor  admitted  to  com- 
plete fellowship  by  the  old-school  academicians.  This  new 
educational  ideal,  indeed,  is  as  revolutionary  as  that  which 
has  found  expression  in  the  material  civilization  of  our  day — 
the  ideal  of  an  education  which  is  both  liberal  and  practical. 
The  older  objective  of  the  well-read  scholar  has  given  place  to 
the  newer  one  of  the  scholarly  worker.  The  new  professional 
schools  proposed  to  displace  the  classics  in  favor  of  the  applied 
sciences,  but  still  to  afford  cultural  education  as  well  as  utili- 
tarian instruction.  In  place  of  the  subjective,  analytic  type 
of  mind  active  chiefly  in  the  realm  of  philosophy  and  letters, 
fostered  by  the  older  system,  they  aimed  at  the  development 
of  an  objective,  synthetic  mentality,  creative  in  the  sphere  of 
material  things.  A  new  order  of  civilization  was  demanding 
a  new  educated  class.  Education  was  being  brought  back  to 
closer  touch  with  the  most  vital  interests  of  the  spirit  of  the 
times. 

But  the  inherent  tendency  of  all  human  systems,  whether 
they  be  of  religion,  art,  letters,  or  science,  is  to  crystallize.  The 
history  of  thought,  in  every  domain,  is  a  recurrent  cycle  of 
hardening  creeds  broken  through  from  time  to  time  by  a  new 
outpouring  of  protesting  revolution ;  and  the  reformer  of  yes- 
terday becomes  in  his  turn  the  formalist  of  to-day.  Our 
schools  of  applied  science  have  been — and  are — so  splendid  in 
their  achievements  that  criticism  is  ungrateful,  and  mav  seem 
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captious;  but  if  it  must  be  offered,  it  would  seem  to  be  that 
they,  in  turn,  are  over-academic.  The  prevalent  belief  that 
the  engineering  graduate  is  ''too  full  of  theory" — that  he 
must  have  a  considerable  supplementary  training  in  minor 
"practical"  positions  before  he  can  be  trusted  to  work  out 
results  which  will  be  economically  valuable — would  seem  to 
indicate  that  his  training  has  failed  to  include  recognition  of 
some  important  elements  in  the  problems  he  is  supposed  to 
have  been  taught  to  solve.  For  the  shortcoming  suspected  is 
not  simply  his  comparative  inexperience.  There  are  no  back 
stairs  to  the  treasury  of  knowledge  gathered  through  years  of 
contact  with  all  kinds  of  undertakings  under  all  kinds  of  con- 
ditions, and  nobody  expects  the  technical  schools  to  discover 
or  to  build  any.  The  fear  is  not  as  to  the  height  or  elaboration 
of  the  structure  of  the  education  they  afford,  but  as  to  the 
inclusive  scope  of  its  foundations  and  as  to  its  perspective. 
The  belief,  in  short,  is  that  the  school  is  out  of  close  parallel 
with  life. 

I  realize  most  clearly  that  any  such  criticism  as  I  have  just 
offered  can  apparently  be  immediately  disposed  of  by  citation 
from  the  catalogue  of  almost  any  large  engineering  school. 
The  number  and  diversity  of  courses  that  may  be  found 
therein  would  seem  to  indicate  a  close  observance  of  almost 
all  the  ramifications  of  engineering  work  and  the  surv^ej^  and 
construction  of  an  educational  pathway  closely  following  each. 
What,  then,  is  the  meaning  of  the  criticism  which  I  have 
implied?  It  is  qualitative  rather  than  quantitative.  To  put 
it  baldly,  it  is  that  the  subjects  all  too  often  are  not  taught 
as  they  must  be  practiced. 

For  this  condition,  if  it  exists,  I  think  there  may  be  two 
main  causes.  The  first  is,  the  persistence  of  the  natural  ten- 
dency to  cling  to  old  forms  and  methods  of  education  or  to 
change  them  as  little  as  possible  in  applying  them  to  new 
subject  matters.  That  is  the  way  in  which  the  world  usually 
introduces  its  great  changes,  even  changes  which  are  destined 
ultimately  to  prove  revolutionary.  The  first  railway  carriage 
was  a  sort  of  glorified  stage-coach  body  hung  on  a  new  style 
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of  wheels.  It  took  two  thirds  of  a  century  to  evolve  the  Pull- 
man coach,  the  air  brake  and  the  ]M.  C.  B.  coupler.  Steam  at 
sea  did  not  venture  to  discard  spars  and  sailing-vessel  lines, 
nor  to  commit  itself  to  huUs  designed  properly  for  screw  pro- 
pulsion, until  after  nearly  a  half-century  of  experiment.  Up 
to  the  time  of  our  Civil  War  and  even  later,  the  battleship 
differed  from  the  merchantman  chiefly  in  the  number  of  decks 
and  guns  with  which  it  was  equipped;  a  little  more  than  a 
quarter  century  has  covered  the  specialization  of  the  battle- 
ship as  a  wholly  distinct  genus.  The  university  (which,  as  I 
have  already  suggested,  clings  to  traditions  even  more  closely 
than  sea-faring  folk)  has  not  yet  had  as  long  as  this  to  adapt 
its  form  and  structure  to  the  new  power  by  which  it  is  actu- 
ated. I  do  not  know  what  the  technical  school  of  1950  may 
be,  but  I  venture  to  think  that  it  may  differ  organically  and 
functionally  from  the  technical  school  of  to-day.  more  than 
Columbia  School  of  Mines  and  the  Massachusetts  Tech  differ 
from  Oxford  and  Cambridge  of  1850. 

Xow,  most  unfortunately,  so  far  at  least  as  concerns  uni- 
versity teaching  of  a  subject  like  engineering,  the  good  old 
academic  temper  has  always  been  fearful,  if  not  intolerant,  of 
an}-thing  utilitarian — or,  to  use  frankly  the  more  objectionable 
word,  of  anjiihing  commercial.  It  is  traditional  that  a  Ger- 
man professor  has  been  known  to  thank  God  that  no  one  could 
by  any  possibility  ever  make  any  use  of  his  subject.  I,  per- 
sonally, heard  the  German-trained  incumbent  of  a  teaching 
chair  deplore  the  wretched  necessity  of  having  any  students  at 
all  at  the  university;  it  interfered  so  with  the  professor's 
opportunities  for  research  and  meditation.  If  my  observation 
and  interpretation  of  phenomena  are  correct,  some  lingering 
vestiges  of  this  old  mood  (a  fine  one  in  its  own  proper  place, 
but  now  persisting  out  of  place)  have  made  our  technical 
schools  reluctant  to  recognize  and  to  teach  economic  limita- 
tions as  clearly  as  scientific  standards  of  perfection.  It  has 
been  said  that  anything  is  feasible  in  engineering  if  it  is 
within  the  laws  of  nature ;  the  question  whether  it  is  advisable 
is  determined  bv  the  law  of  dividends.     The  engineer,  whose 
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function  it  is  to  carry  works  of  construction  or  production  to 
practical  success,  ought  to  be  competent  to  plot  accurately  the 
curve  along  which  the  forces  behind  these  two  systems  of  law 
are  in  equilibrium ;  the  complaint  is  that  his  schools  give  him 
too  academic  a  devotion  to  the  one  and  an  inadequate  idea  of 
the  imperative  character  of  the  other.  Theoretical  standards 
of  construction  and  theoretical  figures  of  performance  are 
idealized  in  his  philosophy,  and  the  ideals  are  not  sufficiently 
balanced  by  a  knowledge  and  appreciation  of  costs,  and  of 
the  fact  that  there  is  always  a  point,  varying  with  every  case, 
beyond  which  further  refinement  toward  the  ideal  spends  more 
than  it  saves  and  so  becomes  a  vanity  of  perfection — a  pro- 
fessional mistake. 

It  is  not  for  a  moment  desirable  that  the  vision  of  the  goal 
set  by  pure  science  be  obscured,  but  only  that  the  understand- 
ing be  increased  of  the  approximations  which  it  is  expedient 
to  accept  in  actual  performance,  and  the  conditions  by  which 
they  are  determined.  For  illustration :  the  development  of 
the  steam  engine  from  Savery's  "miner's  friend"  to  the 
modern  Corliss,  or  (say)  the  engines  of  Inchmarlo,  is  a 
wonderful  exhibition  of  improvement  in  efficiency  in  which  the 
data  of  thermodynamics  have  been  the  inspiring  and  directing 
influence.  Everyone  must  wish  the  student  of  mechanical 
engineering  to  possess  sufficient  knowledge  of  the  science  to 
understand  what  has  been  done  and  to  take  an  intelligent 
part,  if  necessary,  in  continuing  it.  But  the  choice  of  a  power 
plant  in  any  given  case  depends  on  a  careful  comparison  of 
the  net  total  of  interest  on  investment,  expense  of  mainten- 
ance, depreciation,  wages  of  skilled  attendance,  and  fuel  costs. 
It  may  easily  be  proven  that — in  a  Pennsylvania  coal  mine,  for 
example — a  plain  slide-valve  machine,  wasteful  of  coal  but 
cheap  and  easily  run,  will  be  most  serviceable  to  its  owners. 
The  average  graduate  is  many  times  more  likely  to  meet  the 
need  of  advising  as  to  such  an  installation  than  he  is  to  find 
opportunity  for  further  betterments  in  steam-engine  design; 
but  is  he  one-fourth  as  well-informed  in  the  conditions  of 
commercial  efficiency  as  he  is  in  thermo-dynamics  ? 
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edge,  the  college  man  is  almost  of  necessity  prevented  from 
maintaining  more  than  an  academic  familiarity  with  the 
broad  range  of  subjects  he  is  expected  to  teach.  His  assistants, 
further,  upon  whom  the  students  must  depend  chiefly  for 
personal  instruction  and  individual  contact  with  their  tech- 
nical work,  are  usually  drawn — and  by  budget  necessity  must 
be  drawn — from  a  class  of  men  whose  experience  outside  of 
university  bounds  is  scarcely  a  step  in  advance  of  that  of  the 
undergraduates  themselves. 

The  internal  influence  of  staff,  therefore,  which  has  done  so 
much  to  aid  the  evolution  of  the  steamship,  and  notably  of  the 
battleship,  is  distinctly  weak  in  the  practical  evolution  of  the 
university.  Immersed  in  an  academic  atmosphere,  the  tech- 
nical teacher  tends  to  become  more  academic :  and  so  the  tone, 
reflected  back  and  forth  between  like  media,  deepens  in  in- 
tensity. 

I  trust  that  no  one  will  take  these  expressions  of  personal 
opinion  unkindly  or  think  that  they  are  meant  unkindly.  I 
am  one  of  the  family,  and  I  am  not  speaking  in  the  third 
person,  nor  in  the  second,  but  in  the  first.  I  am  not  talking 
about  ''them"  nor  about  "you,"  but  about  "us."  Indeed, 
influences  exactly  like  those  I  have  been  describing  exist  in 
technical  editorial  officies  as  largely  perhaps  as  in  universities, 
and  as  I  am  both  a  technical  editor  and  a  member  of  a  college 
faculty,  I  must  be  doubly  dyed  in  the  same  tincture. 

Now,  criticism  which  is  not  constructive  fulfills  only  half  a 
function.  Let  me  attempt  the  dangerous  service  of  sugges- 
tion. A  traditional  institution  of  the  universities  is  the  pro- 
fessor's sabbatical  year,  in  which  he  is  supposed  to  travel  and 
to  familiarize  himself  with  the  work  done  in  his  subject  else- 
where. Suppose  that,  recognizing  the  relatively  high  rate  of 
progress  in  the  applied  sciences,  these  sabbatical  periods  in 
the  technical  faculties  were  reduced  to  five  years,  or,  better 
still,  to  three;  and  that  the  teacher  were  required  to  spend 
each  third  or  fifth  year  not  in  sojourning  at  other  universities, 
working  in  other  laboratories,  hearing  other  lectures,  and 
seeing  how  this  subject  is  taught — but  in  active  work  as  an 
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official  or  attache  in  a  railway  organization,  a  bridge  or  con- 
struction company,  or  a  manufacturing  plant,  seeing  how  the 
things  he  teaches  are  actually  practiced.  Salary  would  be 
immaterial,  as  his  full  income  from  the  university  would  be  con- 
tinued; opportunity  for  the  widest  and  closest  possible  con- 
tact with  work  in  the  field  under  ' '  all  the  conditions  there  are ' ' 
would  be  everything.  I  owe  the  completion  of  this  concept 
to  the  active  executive  manager  of  one  of  our  largest  manu- 
facturing corporations.  His  enthusiastic  approval  of  it  goes 
far  to  indicate  the  cordial  cooperation  that  would  be  given  by 
business  interests  in  making  such  a  plan  operative.  To  them 
it  would  bring  not  only  the  valuable  aid  of  the  university 
man's  trained  faculties,  but  the  prestige  of  association  with 
colleges  of  high  standing  and  repute.  To  them,  also,  would 
soon  accrue  another  advantage  in  the  higher  usefulness  of  the 
graduates  turned  out  from  the  college  to  enter  industrial  or 
engineering  service.  To  the  professor  would  be  opened  the 
most  fertile  and  most  instructive  working  and  research  labo- 
ratories, where  experiments  on  a  full-sized  scale,  backed  by  an 
endowment  such  as  he  never  could  dream  of  controlling,  were 
spread  before  him  in  full  operation  twenty-four  hours  of  the 
day.  And  think  of  the  assured  grasp  of  the  latest  ideas  and 
methods,  the  freshness  of  viewpoint,  and  the  energy  of  demon- 
stration with  which  each  man  would  return  to  his  classes  after 
a  year  in  the  field.  This  would  be  a  sort  of  university  exten- 
sion that  would  keep  engineering  education  and  engineering 
practice  in  intimate  communion  and  in  constant  parallel. 

To  illustrate  and  exemplify  the  results  of  uncorrected 
academic  tendencies  by  specific  example,  let  me  present  an 
instance,  at  which  I  have  hinted  several  times  with  increasing 
insistency.  The  factory  is  surely  no  less  characteristic  and  no 
less  fertile  a  department  of  the  industrial  era  than  the  rail- 
road or  the  steamship.  It  employs,  probably,  a  larger  number 
of  technical  graduates  than  stationary,  locomotive,  or  marine 
engineering,  and  the  proportion  is  increasing.  But  while 
institutions  so  conservative  even  as  the  Lords  of  the  Admiralty 
and  the  'Na.Yj  Department  have  realized  that  the  modern 
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warship  is  a  huge,  coherent  and  interlocking,  sea-going  and 
power-driven  fighting  machine,  and  that  it  must  be  officered 
by  engineers  trained  in  seamanship  and  navigation,  steam 
engineering  and  hydraulics,  electricity,  ordnance,  sanitation, 
discipline,  language  and  international  law,  our  technical  facul- 
ties seem  to  have  been  less  responsive  in  their  sphere.  The 
civil  engineering  college  has  been  very  slow  to  recognize  the 
factory  as  a  vast,  coordinated  manufacturing  machine,  de- 
manding a  personnel  instructed  not  merely  in  dynamic  engi- 
neering, but  in  executive  organization  and  management,  eco- 
nomical works  design  and  construction,  transportation  and 
handling  appliances,  tool-room  practice,  stores-keeping,  w^age 
systems,  time  records,  shop  discipline  and  sanitation,  and  by 
no  means  least,  cost  analysis  and  study. 

Columbia  has  now  struck  out  boldly  on  a  new  policy,  intro- 
ducing courses  on  works  management,  works  design,  shop 
transportation,  and  handling  of  materials,  conducted  by 
specialists  in  active  practice  who  bring  into  the  lecture  room 
the  atmosphere  and  viewpoint  of  actual  professional  life. 
Indeed,  within  their  powers,  the  chairs  most  closely  allied  to 
the  subject  in  several  universities  have  tried  to  incorporate 
at  least  some  of  these  elements  in  their  scheme  of  work  and 
lectures.  Worcester  makes  an  interesting  and  praiseworthy 
exhibition  of  manufacturing  conditions  as  nearly  as  they  can 
be  reproduced  in  the  school  shop.  Stevens  shows  a  lively 
appreciation  of  the  business  elements  in  engineering  work, 
and  of  the  necessity  that  the  technical  graduate  shall  perceive 
them.  Harvard  has  launched  a  school  of  business  administra- 
tion of  comprehensive  scope  but  not  as  a  part  of  the  engineer- 
ing faculty.  The  Cincinnati  experiment  may  also  be  referred 
to,  and  there  are  other  partial  instances  deserving  high  credit. 
But  the  field  is  too  large  to  be  cultivated  adequately  with  the 
facilities  usually  afforded.  The  effort  of  the  mechanical  de- 
partment to  compass  it  to-day  is  something  like  that  which  an 
earnest  and  conscientious  professor  of  physics  twenty-five 
years  ago  might  have  shown  in  trying  to  keep  finn  and  con- 
trolling grasp  on  the  rapid  development  of  electricity. 
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I  have  been  tempted  to  expand  this  point  of  current  criti- 
cism upon  the  technical  curriculum  because  just  here  the 
difference  is  most  discernible  between  the  preparation  which 
the  school  gives  and  the  equipment  which  the  work  of  the 
graduate  demands.  The  difference  again  is  not  so  much  quan- 
titative as  qualitative.  For  if  in  theoretical  training  the 
courses  of  instruction  lean  too  strongly  toward  pure  science, 
in  shop  training  they  lean  too  far  toward  the  handicrafts. 
The  aim  (to  illlustrate  by  an  intentional  exaggeration)  seems 
to  be  to  turn  out  a  composite  of  the  natural  philosopher  and 
the  mechanic — a  sort  of  scientist  in  overalls.  Now  it  is  not 
manual  training,  however  glorified,  that  is  needed,  but  a 
trained  observation  of,  and  a  capacity  to  measure,  the  forces 
and  factors  entering  into  production  or  construction,  under 
competitive  commercial  conditions. 

In  so  far  as  any  lack  of  proportion  or  of  balance  may  exist 
in  the  resultant  of  the  present  technical  courses,  it  is  probably 
due  to  a  disposition  so  admirable  that  one  hesitates  to  call 
it  a  defect — that  is,  the  passion  for  thoroughness  actuating 
every  member  of  the  faculty,  each  in  his  department.  The 
director  of  the  college  work  shops  is  unwilling  that  the  pupil 
shall  begin  anywhere  above  the  bottom,  and  the  professor  of 
mathematics  is  insistent  that  he  shall  stop  nowhere  short  of 
the  top.  As  a  result,  the  student  seeking  a  profession  invades 
a  trade  at  one  end  and  a  pure  science  at  the  other.  As  another 
result,  the  term  is  so  crowded  that  lectures,  demonstrations, 
laboratory"  work,  the  drafting  room,  the  field,  clamor  and  all 
but  clash  in  demand  for  the  students'  time:  and  when  any 
new  scheme  is  proposed — engineering  economics,  for  instance 
— the  first  exclamation  is  always,  "How  can  you  possibly  get 
it  in?     Our  courses  are  far  too  full  already!" 

But.  after  all,  I  do  not  know  that  what  we  teach  is  so  impor- 
tant as  how  we  teach  it.  The  question  is  not  so  much  of  the 
functional  performance  of  our  engineering  schools  as  of  their 
organic  constitution.  Are  we  doing  the  best  that  can  be  done, 
or  all  that  should  be  done,  to  establish  right  relations  between 
the  faculty  and  the  profession  and  between  the  student  and 
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the  faculty,  or  to  introduce  the  student  to  the  atmosphere,  the 
viewpoint,  the  fundamental  attitude  and  spirit  of  his  life- 
work?  Let  me  revert  for  comparison  to  an  illustration  I  re- 
ferred to  awhile  ago — the  methods  of  the  navy  or  of  the  war 
department.  Perhaps  because  the  fighting  men  were  always 
a  distinct  caste,  largely  freed  from  the  traditions  of  the 
priestly  order,  the  military  or  naval  student  is  treated  in  a 
wholly  different  manner  from  the  college  man  who  was  origin- 
ally a  disciple  of  the  clergy.  The  cadet  is  placed  at  once  in 
an  environment  as  nearly  as  possible  like  that  in  which  the 
line  officer  is  to  work.  He  is  given  a  daily  routine,  placed  in 
an  attitude  toward  his  instructors,  held  to  discipline  and 
exercised  in  operations,  as  nearly  as  possible  identical  with 
those  under  which  he  will  live  and  amid  which  he  will  rise 
from  grade  to  grade.  Class-room  work  is  tributary  to  physi- 
cal training,  the  parade  ground,  the  camp,  the  field  and  the 
cruise. 

But  although  engineering,  whether  static  or  djmamic,  de- 
mands organization  more  nearly  like  the  military  form  than 
any  other  civil  occupation,  our  engineering  courses  trj^  to  mold 
men  for  this  most  active  and  energetic  pursuit  by  methods 
inherited  from  the  cloister  and  the  cell.  We  make  laboratory, 
shop  and  field  scarcely  more  than  an  annex  to  lecture-room 
and  study.  "We  asume  to  a  very  large  extent  that  a  system 
excellent  for  teaching  theology,  the  classics,  letters,  and  per- 
haps pure  mathematics,  will  serve  for  teaching  railway  engi- 
neering, superintendence  of  a  power-plant,  or  shop  adminis- 
tration, by  the  mere  change  of  text-books  and  of  topics 
discoursed  upon  from  the  lectures'  platform.  We  attempt  to 
develop  that  "  objective,  synthetic  "  habit  of  mind  of  which 
I  spoke  some  time  ago  by  a  mode  of  training  evolved  to  reach 
the  ideal  of  a  subjective,  analytical  mentality.  It  takes  our 
students  some  years  of  after  training  to  learn  to  be  something 
more  than  analytical  and  critical  and  to  get  down  to  do 
things. 

In  short,  the  boy  entering  Annapolis  or  West  Point  steps 
at  once  into  the  life  of  the  navy  or  the  army  and  becomes  a 


78  EELATION    OF    EDUCATION    TO    EvDrSTETES. 

part  of  it.  His  graduation  is  merely  a  step  forward  in  the 
same  direction.  The  boy  entering  one  of  our  engineering 
schools  nsnally  steps  into  something  totally  urilike  an  engi- 
neering corps,  a  manufactaring  shop,  or  the  motive-power 
department  of  a  railway.  His  graduation  is  a  plunge  into  a 
strange  and  bewildering  stream  moving  in  a  new  direction, 
in  which  he  must  find  a  new  foothold  and  new  orientation. 

The  change,  therefore,  that  I  think  will  bring  us  nearer  to 
truth  is  not  one  of  detail:  it  is  fundamental.  It  can  not  be 
accomplished  easily.  Nevertheless,  somewhere  in  that  direc- 
tion, I  thinV,  lies  the  way  to  the  great  technical  school  of  the 
future.  We  shall  begin  to  work  towards  it  when  we  devise 
some  plan  by  which  our  engineering  teachers  will  live  nearer 
to  our  practicing  engineers.  We  will  grow  nearer  to  it  when, 
in  our  schools  of  applied  science,  a  closer  fellowship  is  estab- 
lished between  *' town  and  gown."  The  jealousy  of  many 
universities,  which  discourages  the  teacher  from  maintaining 
close  touch  with  active  professional  work,  as  already  sug- 
gested, is  one  of  the  regrettable  influences  forcing  our 
practical  science  courses  out  of  parallel  with  the  progress  of 
industry.  A  more  weighty  one  stilL  i)erhaps.  is  the  small 
opportunity  given  the  alumnus  to  be  heard  in  university 
councils  and  to  bring  back  within  university  bounds  the  fresh 
spirit  and  suggestion  of  the  constantly  changing  world  with- 
out. The  result  is  an  inevitable  set  toward  formalism  and 
scholasticism  on  one  side,  and  toward  apathy  on  the  other. 
Through  freer,  wider,  and  more  frequent  intercourse  between 
faculty  and  alumni,  probably  more  effectually  than  in  any 
other  way,  will  the  evolutionary  forces  of  the  wonderful 
system  of  technical  education  be  kept  fresh,  vigorous,  and 
instantly  responsive  to  the  demands  of  industrial  life. 


WHY  MANUFACTURERS  DISLIKE  COLLEGE 
STUDENTS.* 

BY  ME.  FKEDEKICK  W.  TAYLOE. 

The  educational  question  interests  me  entirely  from  tlie 
view  of  the  user  of  engineering  graduates  and  not  from  that 
of  the  teaching  profession.  It  has  been  my  good  fortune  to 
have  the  training  of  several  hundred  engineering  graduates 
and,  therefore,  it  must  be  apparent  that,  in  the  criticism 
which  I  have  to  offer  regarding  these  young  men,  I  am  not 
opposed  to  engineering  education  as  a  preparation  for  life. 
On  the  contrary,  in  all  cases  where  possible,  I  invariably 
select  an  engineering  graduate  for  almost  any  large  position 
which  needs  to  be  filled.  I  want  to  make  this  matter  per- 
fectly clear  because  in  the  kind  of  criticism  that  I  propose 
to  present,  one  is  very  apt  to  be  led  to  the  conclusion  that  I 
am  opposed  to  the  engineer  as  he  is  now  trained. 

There  ought  to  be  no  question  in  the  mind  of  any  impartial 
investigator  as  to  the  enormous  value  of  a  college  engineering 
education  for  success  in  actual,  practical  life,  in  commercial 
life,  in  manufacturing  life  and  in  engineering  life.  On  the 
other  hand,  I  think  probably  you  gentlemen  are  not  in  very 
close  touch  with  the  general  public  opinion  of  the  country  as 
regards  young  engineers. 

You  are,  many  of  you,  inundated  with  letters  asking  for 
the  services  of  your  young  graduates,  and  from  these  it  is 
perfectly  natural  to  suppose  that  the  country-  at  large  wants 

*  Mr.  Taylor  is  a  past  president  of  the  American  Society  of  Mechanical 
Engineers.  He  presented  a  notable  paper  before  that  body  a  short  time 
ago  on  "The  Art  of  Cutting  Metals,"  in  which  he  gave  the  results  of 
important  investigations  which  he  had  made  upon  high-speed  steel  tools. 
Mr.  Taylor  has  taken  an  active  interest  in  industrial  education.  Tho 
paper  as  printed  is  slightly  condensed  from  a  stenographic  report  of  Mr. 
Taylor's  contribution  to  the  discussion  on  the  relation  of  education  to 
industries. 
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them  very  badly.  Xow  I  do  not  think  there  is  a  shadow  of 
doubt  but  that  the  overwhelming  majority  of  employers  of  this 
country  want  to  have  nothing  to  do  with  young  engineers 
who  have  just  graduated  from  college  if  they  can  help  them- 
selves. That  is  a  fact,  and  I  think  that  it  is  one  you  gentle- 
men ought  to  appreciate  as  having  a  great  bearing  on  the 
educational  problem.  Mr.  Crane,  of  Chicago,  has  very  aptly 
presented  this  tyipe  of  men.  He  stands,  however,  almost 
alone  in  publicly  presenting  this  view,  and  I  have  heard  Mr. 
Crane  laughed  at,  sneered  at  and  held  up  to  ridicule  to  such 
an  extent  that  it  appeared  to  me  that  ^Mr.  Crane's  opinions 
on  the  subject  are  hardly  even  tolerated  by  the  men  who  are 
engaged  in  university  teaching,  whereas  he  is  voicing  the 
view  of  the  great  majority  of  the  employers  of  this  country. 
They  say  nothing,  but  they  agree  over  and  over  again  with 
Mr.  Crane.  I  want  to  give  one  illustration  of  this.  I  was 
recently  in  the  ^Middle  "West  at  one  of  the  largest  and  most 
successful  manufacturing  companies  in  the  country.  They 
had  present  some  thirty  of  the  heads  of  their  departments ; 
their  president,  vice-presidents,  general  manager  and  super- 
intendents, and  after  I  had  said  a  few  words  in  regard  to  the 
fact  that  there  were  so  few  college  employes  in  their  organi- 
zation, the  president  of  the  company  who  was  a  college  man 
himself,  rose  and  said :  ' '  Well,  this  is  an  entirely  new  experi- 
ence to  us.  Here  is  a  man  for  whom  we  have  a  certain 
regard,  and  who  has  the  reputation  of  being  a  practical  man, 
who  tells  us  we  had  better  use  the  college  man  instead  of  the 
commercialh'  trained  man."  They  almost  all  laughed,  al- 
though there  were  four  college  men  among  them,  yet  those 
four  were  as  firmly  convinced  of  the  inutility  of  the  recently 
graduated  college  man  as  any  of  the  rest  of  them. 

I  want  you  to  appreciate  that  that  sentiment  exists  right 
now  very  largely  in  this  country.  Any  college  professor  can 
satisfy  himself  as  to  whether  the  average  employer  wants 
college  graduates  by  going  in  any  one  of  our  large  cities  from 
one  manufacturing  or  engineering  establishment  to  another 
just  as  he  finds  them  and  soliciting  emploj-ment  for  young 
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graduates.  I  think  those  who  have  had  the  longest  and 
largest  experience  with  them  want  them  the  most,  but  I 
venture  to  say,  they  only  want  them  on  the  average  after  they 
have  been  out  of  college  for  one  or  two  years.  They  want 
someone  else  to  take  them  first. 

There  is  one  exception  to  this  not  wanting  to  employ 
college  men  which  is  quite  prominent.  The  large  electric 
companies  are  employing  them  on  an  extensive  scale,  but  it  is 
my  opinion  that  they  are,  to  a  large  extent,  exploiting  the 
young  men ;  that  the  opportunities  which  they  get  in  the  large 
electric  companies  are  in  no  way  comparable  to  the  opportuni- 
ties which  would  be  open  to  the  same  young  men  if  they  went 
into  smaller  industries  with  their  greater  diversity. 

Now  that  is  one  side  of  the  question.  The  other  side  has 
come  to  me  from  my  personal  observation.  I  think  it  is  also 
true  that  nine  out  of  ten  of  these  young  men  are  dissatisfied 
for  at  least  one  or  two  years  after  graduating.  They  find 
their  employers  unappreeiative  and  exacting.  They  are  not 
given  any  kind  of  opportunities  commensurate  with  their 
education  and  what  they  are  able  to  do.  They  are  asked  to 
do  work  that  mere  boys  could  do.  Almost  invariably,  they 
want  to  leave  their  first  employer,  and  it  is  only  after  going 
to  their  second  or  third  that  they  become  aware  of  the  fact 
that  the  boys  that  they  make  light  of  are  the  ones  who  can 
do  things  and  are  the  ones  favored  by  the  employers,  and 
that  all  of  the  employers  of  the  country  are  not  really  unap- 
preeiative. Some  ten  years  ago  I  made  up  my  mind  never 
to  employ  a  college  man  who  had  not  been  out  two  years  at 
least,  if  I  could  help  myself.  The  young  graduate  will  by 
that  time  have  learned  something  about  life  and  what  the 
world  is. 

Now  are  those  two  conditions  unavoidable?  Is  it  neces- 
sary that  the  young  graduate  should  be  turned  out  so  that 
he  is  himself  unhappy,  discontented  for  a  period  of  two 
years  more  or  less  after  he  graduates?  And  is  it  necessary 
that  the  young  graduate  should  go  out  with  such  an  educa- 
tion that  the  average  employer,  who  is  an  honest  man,  who 
6 
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really  believes  that  he  is  right,  feels  that  these  YOung  men 
are  not  what  he  wants?  Is  that  condition  indispensable?  I 
most  firmly  believe  not.  I  believe  that  the  young  graduate 
can  be  turned  out  so  as  to  be  useful  right  from  the  start,  and  I 
believe  that  there  are  two  facts  in  particular  which  are  respon- 
sible for  this  condition  of  affairs,  both  of  them  remediable. 

The  first  of  these  faets  is  that  during  four  years  that  these 
young  men  are  at  college,  they  are  under  less  discipline,  and 
are  allowed  a  greater  freedom  than  they  have  ever  been  allowed 
before,  or  will  ever  have  again. 

I  will  cite  some  illustrations.  In  most  universities  and 
colleges  the  student  is  given,  every  term,  a  certain  number  of 
cuts  for  which  he  is  held  to  no  responsibility.  He  can  simply 
absent  himself  from  recitations,  from  lectures,  from  duty  that 
belongs  in  the  college  course,  and  no  one  ever  asks  what  he  has 
done,  or  where  he  has  gone.  If  that  same  young  man  absents 
himself  once  without  a  reasonable  excuse,  when  he  gets  into 
business,  he  is  usually  hauled  up  and  asked  in  the  most  im- 
pertinent manner,  why  he  was  away.  No  cuts  in  business,  no 
talk  about  how  many  cuts  a  man  has.  The  second  or  third 
time  that  he  stays  away  without  reasonable  excuse,  he  is  dis- 
charged. Young  college  men  work  when  they  please,  and  as 
much  as  they  please,  the  only  restrictions  being  that  they  have 
to  pass  certain  examinations.  Their  habits  are  left  almost 
entirely  to  themselves.  "VThen  they  begin  commercial  life 
those  habits  are  regulated  and  rigidly  prescribed  by  some  one 
else. 

Again,  the  young  college  man  gets  it  firmly  into  his  head, 
that  a  good  reasonable  excuse,  I  do  not  refer  to  an  unreason- 
able one,  is  about  as  satisfactory  as  a  result.  Now  the  em- 
ployers want  results,  and  whether  the  excuse  is  reasonable  or 
unreasonable,  makes  little  difference.  They  want  results,  not 
excuses. 

The  radical  difference  in  the  treatment  which  these  young 
men  receive  in  college,  from  what  they  receive  afterwards, 
is,  to  my  mind,  the  lesser  of  the  two  reasons  for  the  fundamen- 
tal facts  that  I  have  described,  namely  the  unhappiness  of  the 
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young  man  when  he  gets  out,  bis  failure  to  fit  into  his  sur- 
roundings, and  the  great  lack  of  demand  for  these  young 
men  throughout  the  country. 

The  more  important  reason  for  these  unfortunate  conditions 
is  this ;  that  for  twenty-two  years  these  young  men  are  allowed 
to  go  without  even  a  single  look  at  conditions  which  they  are 
to  face  throughout  the  rest  of  their  lives.  The  work  of  the 
student,  of  the  boy  and  the  young  man,  is  that  of  absorbing; 
he  is  engaged  in  getting  things  stored  in  his  mind  for  him- 
self, for  his  own  use.  That  is  his  life  for  twenty-two  years. 
The  moment  he  gets  out  of  college  he  begins  directly  the 
opposite.  Absorbing  ceases  and  becomes  a  very  minor  part  of 
a  man's  work.  He  begins  giving  out  the  few  ideas,  or  the 
many  which  he  may  have  gotten,  to  help  some  one  else.  He 
has  been  served  for  twenty-two  years  by  some  one  else,  the 
moment  he  gets  out  he  begins  serving  others.  Is  it  any  wonder 
that  these  young  men  find  great  difficulty  in  suddenly  chang- 
ing from  the  attitude  of  sponges,  or  absorbers  to  that  of  men 
actively  engaged  in  doing  things  for  the  benefit  of  some  one 
else?  I  think  the  wonder  is  that  they  adjust  themselves  so 
quickly  to  this  reversal  of  their  life's  work. 

The  central  idea  that  the  boy  gets  at  college  is  training, 
training  of  the  mind,  storing  the  mind  full  of  things.  Now  I 
say,  without  the  slightest  hesitation,  that  for  success  in  life, 
intellectual  training  comes  second  or  third.  Without  the 
slightest  question,  character  comes  first ;  common  sense,  second, 
and  intellectual  training  third.  The  entire  emphasis  of  the 
college  life  is  on  intellectual  training.  As  long  as  a  man  com- 
mits no  offense  which  sends  him  to  jail,  it  is  a  very  small  part 
of  the  business  of  those  engaged  in  the  management  of  our 
universities  as  to  what  these  boys  do. 

What  is  the  remedy  for  these  two  faults?  I  do  not  believe 
there  is  any  panacea  for  all  faults,  but  I  do  believe  that  there 
is  a  great  palliative  possible.  I  believe  that  every  young 
student  in  our  colleges,  from  the  student  who  intends  to  be  a 
minister,  on  the  one  hand,  to  the  mechanical  engineer,  on  the 
other  hand;  I  believe  that  every  student  should  leave  college 
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at  the  end  of  his  freshman  year  and  spend  at  least  one  year  in 
actual  hard  vrork  in  a  shop  of  some  kind.  I  say  a  shop,  be- 
cause he  will  be  certain  of  being  under  careful  and  constant 
supervision  when  working  in  a  shop  as  a  workman,  alongside 
workmen. 

I  would  not  give  them  this  year  of  shop  work  with  the  idea 
of  getting  intellectual  training.  If  they  do  it  it  is  a  mere  inci- 
dent. I  would  send  them  there  mainly  for  the  purpose  of  giv- 
ing them  a  real  look  at  life's  worik  and  giving  it  to  them  eariy 
enough  to  affect  the  last  three  or  four  years  of  their  collie 
life. 

When  they  start  at  work  in  a  shop,  under  good  rigid  disci- 
pline, they  then  begin  to  get  the  kind  of  character  training, 
which  is  almost  entirely  lacking  at  college.  They  then  begin  to 
leam  the  great  le^on  of  life,  that  almost  nine  tenths  of  the 
work  that  every  man  has  to  do  is  monotonous,  tir^ome  and 
uninteresting.  They  then  start  to  develop  the  character 
which  enable  them  to  do  unpleasant,  disagreeable  things. 
This  is  the  great^t  training,  to  my  mind,  which  they  get  in 
the  shop.  They  leam  that  life  is  made  up  mainly  of  serving 
other  p-^jr!-.  r :■:  that  the  world  is  there  to  teach  them  some- 
thing iirvr.  I  think  that  almost  invariably  young  graduates 
start  into  the  shop  with  the  common  idea,  "Now  I  am  here  to 
leam  something,  to  get  something  in  this  shop  that  is  going 
to  be  a  fine  engineering  education  for  me."  In  this  they  faU 
at  once,  for  there  is  no  great  intellectual  training  in  the  shop. 
Many  of  them  cannot  stand  the  monotony,  and  since  they  Jo 
not  realize  the  imxwrtance  of  this  ability  th^  fail  to  get  the 
real  character  training  that  com^  from  monotonous,  hard 
work- 
There  is  another  thing  that  they  leam.  which  is  of  enormous 
importance  for  these  young  men.  &:ii  I  think  it  has  more  to 
do  with  making  them  earnest  and  .ed  than  anything 

else.    You  could  lecture  to  them  ana  them  from  now  to 

doomsday,  and  tell  them  that  the  man  who  goes  along  the 
street  in  greasy  overalls,  that  the  man  who  runs  a  lathe,  is 
mentally  bom  their  equal  and  they  won't  believe  it.  They 
may  acquiesce,  but  way  back  in  their  heads  they  say,  "Oh, 
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yes,  I  will  believe  it,  but  it  is  not  so."  That  is  their  mental 
attitude. 

Young  men  who  work  in  any  first-class  establisliment  will 
find  that  many  of  the  workmen  who  cannot  talk  grammatically, 
that  men  who  chew  tobacco,  slouch  along  the  street  with  greasy 
overalls  on,  who  hardly  look  up,  who  are  scarcely  willing  to 
speak  to  you  politely  as  you  pass  them,  are  intellectually  as 
clear  as  they  are.  That  is  what  the  young  men  learn  through 
one  year's  work  in  a  shop.  I  remember  very  distinctly  the 
perfectly  astonishing  awakening  at  the  end  of  six  months  of 
my  apprenticeship,  when  I  discovered  that  the  three  other  men 
who  were  with  me  in  the  pattern  shop  were  all  smarter  than  I 
was.  Now  when  a  young  man  gets  it  clearly  in  his  head  that 
he  is  made  of  the  same  kind  of  clay,  physically  as  well  as  men- 
tally, as  these  other  men,  then  his  only  hope  not  to  be  out- 
stripped in  the  race  lies  in  getting  a  better  education.  For  he 
sees  clearly  enough,  if  he  uses  his  eyes,  that  it  is  energy,  grit, 
pluck,  determination,  abilitj^  to  stick  to  it,  character  which 
makes  for  success  in  the  manufacturing  and  engineering 
world.  He  sees  that  many  of  the  workmen  have  quite  as  much 
character  as  he  and  that  his  only  hope  of  outstripping  them 
lies  in  knowing  more  than  they  do,  and  he  goes  back  to  college 
with  the  firm  determination  to  get  a  better  education.  This 
development  of  character  and  earnestness  of  purpose  I  look 
upon  as  the  greatest  good  that  comes  from  work  in  the  shop. 

Professor  Furman,  of  Stevens  Institute,  published  last  win- 
ter, in  the  Steveiis  Indicator,  a  record  of  the  careers  of  the 
graduates  of  Stevens  Institute.  In  the  group  of  successful 
graduates  of  Stevens  Institute  more  than  half  were  engaged, 
not  in  engineering,  but  in  executive  work,  in  managing,  as 
presidents,  vice-presidents,  superintendents,  managers,  in 
some  capacity  in  which  engineering  was  secondary'  and  inci- 
dental, and  in  which  the  real  work  was  executive  work.  Now 
these  statistics  are  of  the  greatest  importance  to  young  engi- 
neers since  they  show  what  has  taken  place  with  the  graduates 
of  one  of  the  oldest  mechanical  engineering  schools  in  this 
country,  and  by  inference,  therefore,  what  is  likely  to  happen 
to  them. 
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At  college  a  very  large  amount  of  time  is  given  up  to  tlie 
study  of  materials.  Practically  the  whole  chemical  course  is 
the  study  of  materials.  A  very  considerable  part  of  the  course 
in  physics  has  to  do  with  materials.  The  greater  part  of  the 
work  in  a  mechanical  laboratory  is  a  study  of  materials.  Do 
you,  gentlemen,  realize  that  the  great  raw  material  with  which 
more  than  one  half  of  the  successful  graduates  of  our  technical 
schools  have  to  deal,  receives  not  a  single  hour  of  study  at  our 
colleges  and  universities,  not  one  hour?  That  the  great  raw 
material  with  which  the  managers,  superintendents,  presidents 
of  every  one  of  our  large  companies  is  dealing  is  workmen? 
And  that  one  half  of  the  students  who  are  finally  called  upon 
to  manage  workmen,  learn  nothing  whatever  about  them  at 
college.  At  twenty-two  years  of  age  on  the  average  they  land 
outside  of  college  without  the  slightest  knowledge  of  the  great 
raw  material  with  which  more  than  one  half  of  them  will  have 
to  work  throughout  their  lives. 

Now,  those  of  you  who  have  worked  much  with  workmen, 
will  realize  fully  that  it  is  next  to  impossible  to  study  them 
from  the  top.  Workmen  can  only  be  properly  studied  side 
by  side  and  shoulder  to  shoulder.  The  man  who  undertakes 
to  study  them  from  the  top  gets  a  superficial  knowledge  of  his 
men,  and  in  many  cases  an  entirely  wrong  and  misleading 
idea.  The  only  way  that  a  man  can  become  familiar  with  the 
line  of  thought  of  his  workmen,  with  the  methods  of  reasonintr 
by  which  they  approach  the  great  problems  that  are  in  their 
minds,  is  by  becoming  intimate  with  them,  so  that  they  forget 
that  you  are  not  one  of  their  kind,  and  genuinely  tell  you 
what  they  think. 

I  say  without  the  slightest  hesitation  that  no  man  is  well 
equipped  to  manage  workmen  who  cannot  say  ten  sentences 
consecutively  to  a  workman  and  have  that  workman  know 
at  once  that  he  has  worked  as  a  workman.  Absolutely,  in  ten 
ordinary  sentences,  if  it  be  about  work,  the  workman  will  form 
a  pretty  correct  idea  as  to  whether  he  has  been  a  workman  or 
not.  And  until  a  man  is  intimately  acquainted  with  them  and 
knows  their  methods  of  thought,  their  methods  of  expression 
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and  the  way  they  look  at  things,  he  is  at  a  very  great  disad- 
vantage as  a  manager. 

Just  now,  in  this  country,  we  are  facing  a  great  problem  in 
the  management  of  our  men ;  the  problem  upon  which,  I  think, 
it  may  be  said  with  almost  certainty,  that  England  has  made  a 
grand  failure.  TVe  are  facing  that  problem,  and  are  up 
against  it  hard.  The  problem  of  soldiering,  that  is,  of  delib- 
erately and  intentionally  working  slow  instead  of  fast,  and 
purposely  turning  out  a  small  instead  of  a  large  output.  No 
man  can  properly  and  thoroughly  appreciate  this  great  prob- 
lem unless  he  has  worked  among  them  and  seen  them  soldier- 
ing, knows  their  arguments  for  and  against  it  and  has  some 
idea  of  how  to  remedy  this  great  evil ;  the  defect  which  has 
come  close  to  ruining  many  English  industries,  and  is  on  the 
road  to  do  the  same  thing  for  us. 

Now  there  is  one  more  thing.  More  and  more  is  manage- 
ment becoming  a  question  of  cooperation  on  a  large  scale.  The 
whole  training  of  the  young  man  while  he  is  in  college  is  an 
individual  training.  He  has  not  the  slightest  training  in  co- 
operation, except  possibly  what  he  gets  from  his  baseball  or 
football  team  in  the  university ;  and  yet  every  year  the  problem 
of  successful  cooperation  becomes  a  greater  one. 

These  young  men  at  twenty-two  go  out  without  having  seen 
any  cooperation,  thoroughly  unfitted  for  it  in  many  respects ; 
thoroughly  unfitted  to  do  what  they  are  told  to  do  promptly 
and  without  asking  questions  and  making  suggestions.  They 
will  not  become  one  of  a  train  of  gear  wheels,  and  it  is  abso- 
lutely necessary  for  every  man  in  an  organization  to  become 
one  of  a  train  of  gear  wheels.  The  training  that  the  young 
man  receives  at  college  in  no  way  fits  him  for  modern  coopera- 
tion. But  a  year  in  a  shop  will  give  him  at  least  a  good  look  at 
it.    He  has  to  work  as  one  of  a  train  of  gears  during  that  year. 

I  do  not  think  there  is  any  equivalent  for  this  work.  Certainly 
the  university  shop  is  in  no  wise  an  equivalent.  There  they 
are  in  competition,  not  with  men  who  are  engaged  in  working 
for  a  living,  but  with  other  students.  They  are  not  rubbing 
against  other  men  and  getting  their  viewpoints,  and  at  the 
same  time  learning  something  as  to  how  work  ought  to  be  done. 
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They  undoubtedly  get  a  little  good  from  their  university 
shop  work,  but  as  far  as  the  great  experience  they  ought  to 
have,  the  character  training,  and  the  study  of  men.  they  get 
nothing.  The  thing  that  comes  closest  to  it  in  college  is  three 
or  four  months  of  vacation  work  in  an  outside  shop.  Even 
during  this  time,  however,  they  fail  to  get  the  greatest  good 
out  of  it  because  they  go  into  the  shop  mainly  with  the  idea 
of  learning  something.  For  the  three  summer  months  shop 
work  is  a  novelty  to  them  and  they  fail  to  get  right  down  to 
the  real  monotonous  grind  which  trains  character.  Then 
ag^jL,  in  three  months,  they  cannot  get  close  enough  to  the 
woikmen  to  know  their  viewpoints. 

Most  of  you  professors  are  telling  your  students  that  they 
had  better  work  as  a  workman  for  a  year  or  so  at  least  when 
they  go  out.  About  one  in  fifty  does  it.  They  start  with  the 
idea  of  serving  an  apprenticeship,  but  they  do  not  stick  to  it. 
Even  when  they  go  in  with  the  best  of  intentions  they  cannot 
get  away  from  this  habit  of  absorbing,  they  cannot  get  down 
to  monotonous,  tiresome  work.  They  find  that  they  are  not 
really  learning  very  much.  They  feel  that  they  have  a  fime 
college  education  which  is  being  wasted.  They  find  themselves 
doing  work  which  can  be  as  well  done  by  a  boy  of  fifteen  or 
sixteen  and  which  does  not  require  any  particular  scientific 
training. 

Thus  at  twenty-two  to  twenty-four  years  of  age  with  a  fine 
theoretical  education  they  are  virtually  in  competition  with 
boys  instead  of  men.  and  in  this  competition  their  education 
is  of  but  little  help. 

They  find  themselves  ordered  about  and  corrected  by  men 
whom  they  look  upon  as  their  intellectual  inferiors. 

Their  four  years  of  college  life  have  made  them  intellec- 
tually as  well  as  physically  fastidious.  "What  wonder  then 
that  this  work  is  exceedingly  irksome  to  them.  "What  wonder 
that  they  fail  to  give  satisfaction  in  work  of  this  sort  to  those 
who  are  over  them,  and  that  most  of  them  do  not  stay  at  this 
kind  of  work  long  enough  to  become  familiar  with  practical 
working  conditions:  and  that  too  large  a  proportion  of  them 
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find  their  way  into  the  drafting  room,  which  to  engineering 
bears  more  or  less  the  same  relation  that  book-keeping  does  to 
business,  where  they  have,  however,  more  agreeable  surround- 
ings, shorter  hours  and  where  their  education  immediately 
counts  for  something.  They  realize  years  later  that  they 
have  missed  the  great  opportunity  of  their  lives  to  learn  the 
many  simple  practical  things  that  are  fully  as  important  for 
ultimate  large  success  as  their  theoretical  knowledge. 

Quite  a  large  proportion  also  of  the  young  engineering 
graduates  feel  that  they  can  hardly  afford  to  spend  one  or  two 
years  after  graduating  at  a  work  which  pays  them  such  small 
wages  that  they  are  unable  to  live  on  their  earnings  even  in 
the  most  modest  way.  And  practically  all  of  them,  even  if 
their  parents  are  willing  to  continue  supporting  them,  are 
anxious  to  become  self-supporting. 

The  effect  of  all  these  combined  conditions  is  that  but  a 
small  proportion  of  young  engineers  actually  ever  get  the 
invaluable  experience  which  can  only  be  had  from  working 
as  workmen.  This  is  a  fact,  not  a  theory.  If  however, 
these  young  men  were  forced  to  leave  college  for  a  year's 
apprenticeship  at  the  end  of  their  freshman  year,  it  would 
come  as  a  natural  part  of  their  training  from  which  there  is 
no  escape.  And  being  younger,  less  fastidious  and  more 
adaptable  they  would  come  into  closer  and  more  intimate 
contact  with  the  workmen  around  them  and  get  at  least  a 
fair  knowledge  of  working  conditions.  I  feel  sure  that  this 
training  would  make  them  almost  immediately  useful  to 
their  employers  after  leaving  college,  and  therefore  greatly 
increase  the  demand  for  college  graduates. 

My  own  experience  with  using  young  men  coming  directly 
from  college  was  so  unsatisfactory  that  about  ten  or  twelve 
years  ago  I  made  up  my  mind  not  to  take  another  young 
college  graduate  until  after  he  had  had  two  years'  work  out- 
side of  college  but,  in  going  through  the  list  of  those  who  had 
worked  under  us,  I  found  that  there  was  a  certain  set  of 
young  college  men  who  were  satisfactory  right  from  the 
start.     Namely,  men  who  had  by  necessity  been  forced  to 


90  WHY    ^.lAXUFACrCEEES    DI5LIKZ    5IUDEXTS. 

leave  school  and  go  to  work.  So  I  loiird  that  I  had  to 
modify  my  conclusion,  by  saying  that  I  would  not  take  a 
college  man  unless  he  had  been  out  of  college  for  at  least 
two  years,  or  unless  he  had  worked  as  a  workman  before  he 
graduated. 

Xow  I  want  to  strengthen  this  conclusion  by  some  facts. 
The  investigation  by  Professor  Furman,  above  referred  to, 
of  the  graduates  of  Stevens  Institute,  has  led  him  to  formu- 
late at  the  end  of  his  paper  two  sentences  of  the  greatest 
importance  to  all  teachers  and  to  all  en^eering  students, 
as  follows :  ■  ■  An  apprenticeship  of  one  or  two  years  has 
stamped  itself  as  the  surest  road  to  obtaining  suecess  in  after 
life.'"  That  is  his  most  important  eonelusion  from  a  study 
of  the  graduates  of  Stevens  I:  :        A  second  quotation 

is:  "A  lai^  ^TceD.t&^':    ::   t:  i  r    r:?.^"3tes  that  now 

stand  highest  in  their  jri  ssi;-^  1       :.:  i-ase  who  have 

started  in  as  machine  shop  appir::::;  s.  This  is  not  some- 
one's theory  but  is  a  fact  of  the  greatest  importance  devel- 
oped from  a  study  of  carefully  gathered  statistics,  and  I  do 
not  suppose  that  Professor  Furman  had  any  more  notion 
that  this  fact  would  be  brought  to  light  when  he  started  that 
investigation  than  I  or  anyone  else  had. 

One  thing  more,  the  joint  committee  apiwinted  by  seven 
of  English  engineering  societies,  with,  I  think,  three  pro- 
fessors from  the  universities,  unanimously  voted  that  it  was 
desirable  for  students  to  have  a  two  years'  apprenticeship 
before  graduating  as  engineers.  I  think  this  is  a  very 
remarkable  recommendation.  It  goes  very  far  toward  bol- 
stering up  the  conclusions  which  I  have  arrived  at,  that  the 
accredited  representatives  of  seven  great  engineering  so- 
cieties of  England  should  reconunend  nnanimously  two 
years  of  apprenticeship  for  students  before  being  allowed  to 
graduate  either  as  mechanical  engineers  or  as  any  other  kind 
of  engineers. 

As  to  post-graduate  engineering  courses  which  are  being 
so  strongly  advocated  by  many  professors.  In  so  far  as 
such  courses  in  our  engineering  colleges  interfere  with  the 
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good  that  comes  from  getting  in  touch  with  actual  work 
while  young,  just  to  that  extent  those  post-graduate  courses 
are  bad  and  much  to  be  deplored.  I  do  not  think  that  the 
average  young  man  needs  any  post-graduate  course.  He 
needs  other  things.  He  needs  closer  touch  with  actual  life, 
and  this  tendency  in  our  universities  to  lengthen  their 
courses  out  to  five  or  six  years  is  a  most  unfortunate  change. 
Certainly  for  the  average  young  engineer  it  is  a  step  in  en- 
tirely the  wrong  direction. 

Now,  as  to  the  liberal  education  which  it  is  claimed  that 
engineers  need  so  badly,  I  believe  that  one  year  spent  in 
close  contact  with  a  totally  different  class  of  men  from  those 
with  which  they  have  been  brought  up — working  under 
practical  conditions,  with  men  struggling  for  a  living,  is 
vastly  more  broadening,  for  instance,  than  a  year  of  travel 
abroad.  Personally  I  had  both  of  these  experiences.  I  am 
very  sure  that  the  thing  that  did  the  most  for  me  was  the 
apprenticeship  and  not  the  years  of  travel.  If  I  wanted  to 
give  a  boy  a  broad  liberal  view  of  life,  I  would  get  him  early 
in  contact  with  men  who  are  really  working  for  a  living  and 
make  him  see  how  the  other  half  lives.  That  will  give  him  a 
lasting  sympathy  for  all  classes  of  men. 

One  thing  more,  is  it  possible  or  practicable  for  young 
men  who  leave  college  at  the  end  of  their  freshman  year  to  get 
the  opportunity  to  work  for  a  year  in  a  shop  and  then  return 
to  college?  I  feel  absolutely  sure  it  is,  provided  these  young 
men  are  sent  out  to  work  under  working  conditions  and 
expect  no  special  favors.  If  they  are  sent  out  to  get  an  edu- 
cation, no.  But  if  they  go  into  the  shop  for  the  purpose  of 
learning  how  to  do  a  day's  work,  they  are  the  finest  kind 
of  raw  material.  Take  the  average  young  college  man.  He 
has  some  bad  ideas,  but  all  you  have  to  do  is  to  mould  him  to 
your  needs,  give  him  common  sense  and  he  becomes  a  great 
addition  to  the  working  force,  and  when  the  shops  begin  to 
take  these  young  men  from  our  universities  and  colleges, 
particularly  if  it  becomes  a  regular  thing,  that  every  year 
from  such  and  such  a  college  we  can  get  eight  or  ten  men, 
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I  predict  the  supply  will  not  equal  the  demand.  I  had  some 
difficulty  two  years  ago  in  getting  one  of  our  manufacturers 
to  take  a  single  college  man,  although  he  was  himself  one  of 
the  most  distinguished  graduates  of  a  technical  school.  After 
trying  one  or  two  of  them  for  a  year,  he  now  wants  all  he  can 
get  of  them. 

Discussion. 

Professor  Hibbaed:  "While  listening  to  Mr.  Taylor's  ad- 
dress, I  was  reminded  of  a  little  story  of  a  camping  party  of 
fellows,  and  they  agreed  that  any  man  who  found  fault 
should  be  obliged  to  clean  the  fish  and  wash  the  dishes. 
Well,  there  was  one  jovial  fellow  that  they  never  could  catch 
finding  fault,  and  so  one  morning  they  made  it  up  on  him 
to  put  some  very  bitter  stuff  in  his  coffee.  He  started  to 
drink  it  and  put  it  down,  and  as  he  tasted  it.  he  said:  ''  My 
but  this  is  bitter — but  I  like  it."  "We  have  received  a  very 
scathing  criticism  from  ]\Ir.  Taylor,  and  everyone  of  us 
appreciates  it. 

Speaking  as  an  engineering  professor,  I  shall  add  a  few 
suggestions  as  to  the  practical  ways  by  which  we  approached 
or  may  approach  the  ideals  of  Mr.  Taylor.  I  believe  that 
we  have  not  appreciated  the  privileges  that  we  have  in  ac- 
cepting and  formulating  the  guidance  of  our  engineering 
alumni.  In  conversation  with  an  engineer  at  the  recent 
railroad  convention  of  mechanical  engineers  at  Atlantic 
City,  he  said  to  me  that  the  engineering  school  of  which  he 
is  a  graduate  had  just  had  a  new  dean  appointed.  He  said, 
' '  It  is  so  unfortunate  that  the  new  dean  is  a  pure  theorist ; 
he  is  not  an  engineer,  he  is  a  scientist."  I  asked  him  what 
he  had  done  as  an  alumnus  of  that  institution  to  see  that  the 
right  kind  of  a  dean  was  appointed?  He  finally  replied 
that  he  had  not  done  anything. 

If  the  right  kind  of  deans  and  professors  are  to  be  ap- 
pointed if  the  right  kind  of  instruction  is  to  be  given,  it  must 
be  with  the  help  of  the  engineering  alumni.  They  are  closer 
in  touch  with  practice  than  the  professors  can  possibly  be. 
TVe  may  spend  our  summer  vacations  in  engineering  work  and 
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in  getting  into  the  atmosphere  of  the  practicing  engineer,  but 
the  rest  of  the  year  we  are,  and  must  be,  occupied  in  teaching. 

You  will  be  interested  to  know  what  is  being  done  by  a 
certain  group  of  alumni  of  one  of  our  engineering  institutions. 
It  was  my  privilege,  during  my  ten  years  at  Cornell,  to  aid 
in  the  introduction  of  a  number  of  Cornell  graduates  into  the 
railroad  world  and  the  railway  supply  business.  Some  three 
or  four  years  ago  these  graduates  started  the  custom  of  having 
an  annual  banquet  of  mechanical  officials  and  supply  men. 
As  a  Cornell  alumnus,  I  attended  one  of  these  banquets  last 
Saturday.  Among  the  speeches  at  that  banquet  were  several 
on  matters  relating  to  the  teaching  of  engineering.  It  was 
shown  how  engineering  training  is  useful  to  the  mechanical 
official,  to  the  supply  man,  and  to  others  in  the  railway  busi- 
ness. This  sort  of  program  got  men  away  from  the  old- 
fashioned  sort  of  alumni  gatherings  which  began  with  toasts, 
songs  and  college  jokes.  At  this  banquet  there  were  also 
reminiscences  of  the  days  when  we  were  being  taught  at  our 
alma  mater,  and  of  all  the  chums  whom  we  remembered  so 
delightfully.  Next  year  there  is  to  be  a  further  improvement 
in  the  arrangements  for  the  banquet.  In  the  past  there  has 
not  been  a  sufficient  interest  in  the  discussion  on  the  part  of 
all  the  men  present.  Next  year  the  men  who  are  likely  to  be 
invited  to  speak  are  to  inform  all  the  other  men  of  the  topics 
that  are  to  be  discussed.  This  will  create  a  greater  interest 
in  the  discussion  of  the  topics  presented.  The  ideas  gained 
from  the  discussion  of  these  topics  will  be  useful  in  guiding  the 
Cornell  and  other  professors  who  are  present.  "We  believe  that 
for  other  engineering  alumni  and  other  engineering  institu- 
tions such  a  procedure  would  be  helpful. 

Not  only  should  the  alumni  help  in  the  selection  of  engi- 
neering professors,  but  they  are  also  needed  to  restrain  and 
guide  even  the  presidents.  Recently  an  eastern  college  presi- 
dent refused  to  allow  the  announcement  of  the  recommenda- 
tion of  a  year's  shop  apprenticeship  as  preparation  for  an 
engineering  course.  He  was  afraid  that  if  the  students  got 
a  year  of  shop  work  after  high  school,  they  would  not  come 
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for  a  course  in  engineering.  Tiiere  is  a  pressing  duty  before 
US  in  this  line,  not  only  for  engineering  alnnini  but  for  tlie 
engineering  societies  of  this  country.  I  have  been  interested 
this  spring  in  the  establishment  of  the  St.  Louis  branch  of  the 
American  Society  of  Mechanical  Engineers.  Before  the 
branch  was  formed  it  was  decided  that  there  should  be  a 
definite  object  in  view,  on  the  ground  that  a  new  organization 
must  justify  its  organization.  It  seemed  that  here  was  a  great 
opportunity  for  paramount  influence  in  saying  what  shall  be 
done  in  our  engineering  schools.  The  branch  has  been  formed, 
and  if  the  engineering  educators  who  are  a  part  of  it  are  not 
mistaken,  engineering  institutions  in  the  ]^Iississippi  basin  will 
receive  great  assistance  from  aid,  guidance,  influence  and 
interest  of  the  members. 

I  know  of  no  engineer  who  is  president  of  a  general  uni- 
versity. I  hope  that  this  wiU  not  always  be  the  case.  3ilean- 
time,  let  us  hope  that  the  engineering  profession  will  make 
it  impossible  for  a  university  president  to  cut  off  such  a 
recommendation  as  I  have  mentioned,  or  to  appoint  as  dean  of 
the  engineering  school  a  man  who  is  not  an  engineer. 

It  will  be  interesting  to  'Sir.  Taylor  to  leam  that  some  of 
his  suggestions  are  already  in  force  in  some  of  our  institu- 
tions. For  instance,  among  my  students  this  spring  was  one 
who  had  resisted  my  efforts  to  bring  him  up  to  the  point  of 
achievement  in  a  drafting-room  course.  At  the  end  of  the 
course  I  was  obliged  to  teU  him  that  I  intended  to  give  him  a 
"failure,"  requiring  him  to  repeat  the  c-ourse.  I  said:  "I  am 
going  to  give  you  a  failure  because  you  have  not  achieved 
results.  I  have  had  draftsmen  work  for  me  whom  I  paid 
eighty  or  one  hundred  dollars  a  month,  and  if  they  had  done 
as  you  have  done,  I  would  have  discharged  them  long  ago.  I 
cannot  dismiss  you  from  the  university  for  a  failure  in  this 
course,  but  I  certainly  can  make  you  take  it  over  and  achieve 
results.  You  may  have  had  some  very  excellent  theories,  but 
the  results  are  what  we  want,  and  the  results  are  what  we 
propose  to  get. ' '  This  treatment  was  good  for  that  boy.  He 
took  it  manfullv  and  will,  I  think,  amount  to  more  than  he 
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would  otherwise.  Mr,  Taylor  said  that  nothing  is  being  done 
in  the  way  of  education  to  prepare  the  graduate  to  handle 
men.  In  one  institution  at  least  there  has  just  been  introduced 
a  required  course  of  one  year,  on  the  subject  of  the  handling 
of  men.  The  teacher  who  gives  the  subject  has  made  a  long 
study  of  it.  He  started  with  his  own  practical  experience  and 
has  profited  greatly  by  Mr.  Taylor's  previous  observations  on 
the  same  subject.  The  subject  has  been  reduced  to  a  science, 
so  that  it  can  be  taught  in  engineering  schools.  These  young 
fellows  will  not  go  out  entirely  ignorant  of  how  they  may  best 
cope  with  the  problem,  and  of  how  they  may  profit  by  their  ex- 
perience after  graduation.  Undoubtedly  a  lecture  course  on 
the  handling  of  men  is  not  going  to  qualify  graduates  to 
handle  men.  What  they  need  is  experience.  It  is,  however, 
going  to  put  them  in  possession  of  the  fundamental  principles 
of  the  science  of  management,  so  that  they  may  earlier  become 
managers  of  men. 

Dean  Goss  :  I  am  very  glad  to  have  had  Mr.  Going  and  'Mr. 
Taylor  unburden  their  minds  for  our  benefit.  "We  have  come 
to  this  meeting,  some  of  us,  from  long  distances,  that  we  may 
learn  each  other's  point  of  view,  and  I  am  sure  that  no  teacher 
of  engineering  will  go  away  after  listening  to  these  addresses 
without  feeling  a  desire  for  better  things.  Mr.  Taylor  has 
criticized  us  severely,  but  I  believe  that  in  the  main  the  things 
that  he  would  like  to  accomplish  are  the  things  that  we  as 
teachers  would  like  to  see  done.  But,  however  this  may  be,  it 
should  be  noted  that,  notwithstanding  obvious  deficiencies,  the 
colleges  of  engineering  in  this  country  stand  justified  by  their 
results.  However  fair  may  be  the  criticism  that  has  been 
urged,  this  justification  as  seen  in  the  successful  lives  of  their 
graduates  should  not  be  forgotten.  Moreover,  it  is  well  to 
remember  that  the  colleges  of  engineering  in  this  country  are 
in  their  very  infancy  and  they  require  time  in  which  to  out- 
grow their  swaddling  clothes.  Give  us  time  and  many  of  the 
defects  to  which  our  attention  has  been  called  will  disappear. 

Dean  Goetze:  It  has  been  my  good  fortune  to  have  the 
opportunity  to  discuss  with  Mr.  Going  the  ideas  and  sugges- 
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tions  which  he  has  laid  before  ns  to-day.  I  endorse  all  that  he 
has  suggi^ed  and  the  eonclnsions  at  which  he  has  arrived. 
In  fact,  we  have  been  trying  at  Colnmbia  during  the  past 
few  years  to  carry  ont  a  nnmber  of  these  suggestions.  One 
of  his  conclusions  is  that  there  should  be  a  closer  union 
between  practicing  engineers  and  professors :  that  they  should 
work  in  hearty  accord-  "With  that  end  in  view  we  have  had, 
during  the  past  year,  no  less  than  forty-seven  practicing 
engineers  lecture  to  our  studnets.  Among  them  was  ^Ir. 
Taylor  himself,  who  gave  the  young  men  one  of  his  character- 
istic, straight-from-the-shoulder  talks.  It  was  with  a  great 
deal  of  pride  that  I  saw  them  take  their  medicine  and  applaud 
bfm  most  enthusiastically. 

Arcchfr  of  Mr.  Going's  conclusions  is  that  the  engineering 
faciuTy  should  do  outside  work  in  order  to  keep  out  of  the  rut 
and  abreast  of  their  profession.  At  Columbia  we  do  not  want 
in  onr  engineering  faculty  any  man  who  is  in  a  rut :  who  is 
not  abreast  of  the  profession.  Ve  want  no  one  who  is  not  in 
touch  with  outside  work;  in  touch  with  the  men  in  his  pro- 
fe^on  who  are  outside  of  the  university.  TVe  think  that 
within  reasonable  limits  the  teacher  can  bring  to  his  students 
in  that  way  far  more  than  he  takes  away. 

A  third  conclusion  of  Mr.  Gk)ing  is  that  there  should  be  a 
closer  relation  among  the  alumni.  That  we  are  also  trying 
to  promote  and  are  meeting  with  very  encouraging  coopera- 
tion from  them.  Mr.  Going  was  in  error  when  he  stated  that 
he  is  a  minor  member  of  our  faculty.  On  the  contrary,  he  has 
been  a  very  important  one.  He  has  organized  our  course  on 
works  management,  and  has  carried  it  on  successfully  with  the 
aid  of  five  or  sis  of  the  foremost  experts  in  that  line  in  this 
coimtiy. 

Pbofessob  Diemer  :  I  wish  also  to  emphasize  the  point  which 
has  been  made,  namely,  that  it  is  very  desirable  not  only  to 
believe  and  acquiesce  in  the  statements  of  ]\Iessrs.  Taylor  and 
Going,  but  to  show  our  belief  by  acting  accordingly. 

I  am  familiar  with  the  project  which  ^Ir.  Taylor  advocates, 
of  having  young  men  spend  one  year  in  the  shop.     He  has 
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made  arrangements  by  which  certain  men  will  be  taken  in  the 
most  excellent  shops,  and  yet  I  have  had  difficulty  in  getting 
the  right  kind  of  men  to  avail  themselves  of  the  opportunity. 
I  think  the  same  would  be  true  if  an  attempt  were  made  to 
have  the  governing  authorities  of  colleges  advise  the  members 
of  their  engineering  faculty  to  spend  a  year,  at  least,  in  actual 
work.  There  is  an  opportunity  here  for  organized  effort  and 
cooperation  similar  to  the  work  of  the  joint  committee  recently 
appointed  by  the  larger  national  engineering  societies,  the 
object  of  which  is  to  make  the  engineer  realize  and  reach  the 
place  which  he  should  occupy  in  exerting  an  influence  in  pub- 
lic affairs.  This  cooperation  can  be  brought  about  by  members 
of  our  society  appearing  before  manufacturing  associations, 
just  as  Mr.  Taylor  and  Mr.  Going  have  appeared  before  this 
association,  and  making  plain  our  desire  to  work  in  harmony 
with  the  manufacturers.  To  reach  the  parents  so  that  they 
may  see  the  course  of  procedure  which  is  advisable  for  the 
students,  will  be  another  and  more  difficult  problem.  Per- 
haps they  may  be  reached  through  the  alumni.  It  is  very 
desirable  indeed  to  have  this  cooperation  of  teachers,  manu- 
facturers, parents  and  alumni. 

The  institution  which  I  represent  has,  like  other  colleges, 
availed  itself  of  Mr.  Taylor's  kindness,  as  well  as  that  of  other 
practical  men,  to  give  us  practical  talks.  We  have  also  been 
favored  by  several  large  corporations,  notably  the  Pennsyl- 
vania Railroad.  The  last-named  company  has  sent  us  their 
men  in  charge  of  their  dynamometer  car,  and  the  men  with 
their  air-brake  construction  car.  This  is  a  line  of  cooperation 
that  could  be  followed  out  with  other  manufacturing  indus- 
tries. Thus  for  a  limited  time,  without  interfering  with  the 
actual  work  of  a  manufacturing  establishment,  the  teaching 
force  and  students  could  have  the  advantage  of  seeing  the  best 
methods  in  actual  work. 

Mr.  Sawyer  :  It  occurs  to  me  to  ask,  first  of  all,  what  is  the 

trouble  with  our  boys?    Why  should  we  ask  them  to  be  older 

than  they  really  are  ?    This  spring  I  had  occasion  to  have  some 

screens  put  up.    I  asked  a  couple  of  young  fellows  to  come 
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over  and  put  them  up.  I  showed  them  that  the  screens  were 
all  numbered  and  that  they  were  made  to  fit  together.  The 
young  men  were  juniors  and  had  had  all  the  shop  work  that 
we  give.  I  felt  that  they  had  been  trained  enough  so  that  they 
ought  to  be  able  to  put  up  a  set  of  screens.  I  watched  those 
two  young  fellows  take  the  screens  out  on  the  lawn  and  start 
to  clean  them  off.  The  way  they  handled  those  screens — well 
I  stayed  and  oversaw  their  work.  I  finally  finished  the  job 
myself.    Now  what  was  the  trouble? 

These  were  good  boys,  but  they  were  thoughtless.  A  neigh- 
bor said :  ' '  These  boys  are  just  like  my  own  boy,  who  is  in  the 
same  class.  They  come  here  and  live  in  the  dormitories  with 
no  responsibilities."  I  wondered  what  I  would  do  with  my 
boy,  if  I  had  one,  to  get  that  out  of  him.  Then  there  occurred 
to  me  a  remark  which  had  been  made  to  me  by  a  man  of 
experience.  Speaking  of  his  own  son  he  said,  "I  would  not 
have  him  different.  I  do  not  want  to  put  an  old  head  on  his 
shoulders ;  I  do  not  want  to  make  an  old  man  out  of  him  before 
he  gets  out  of  school. ' ' 

I  agree  entirely  with  Mr.  Taylor  and  should  like  to  adopt 
that  plan,  but  what  would  be  the  result  of  taking  the  boy  out 
of  college  at  the  end  of  the  first  year  and  putting  him  at  work 
a  year?  It  would  have  the  same  effect  on  him  then  as  it  does 
after  he  has  left  college  and  has  actually  gone  to  work.  Under 
discipline,  with  a  foreman  over  him,  compelled  to  comply 
with  the  shop  rules  and  hours,  he  will  be  made  an  old  man 
before  his  time.  By  the  time  he  gets  ready  to  graduate  he  will 
have  as  many  wrinkles  as  we  have.  We  are  here  to  devise 
methods  of  training  young  men  so  that  they  may  go  out  of 
college  with  increased  efficiency.  If  motors  of  90  per  cent 
efficiency  are  made,  we  say,  "Let  us  build  one  of  95  per  cent.," 
and  so  on.  Are  we  going  to  do  the  same  thing  with  the  young 
college  man?  If  we  can  turn  him  out  now  with  a  certain 
efficiency,  let  us  endeavor  to  turn  him  out  with  an  increased 
efficiency.  I  am  inclined  to  think,  however,  that  he  would  be 
prematurely  old  when  he  graduated.    Is  that  desirable? 

President  Howe  :  I  agree  with  very  much  that  Mr.  Taylor 
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has  said.  THien  I  was  coining  to  this  meeting  I  met  the  head 
of  one  of  the  largest  manufacturing  establishments  in  Cleve- 
land. He  told  me  substantially  the  same  things  that  Mr. 
Taylor  has  said  this  morning.  This  gentleman  is  himself  a 
technical  graduate.  He  said  that,  while  he  prefers  to  have 
technical  graduates  around  him,  during  the  past  ten  years 
only  three  of  them  have  made  good.  It  is  quite  difficult  to 
reply,  upon  brief  notice,  to  those  arguments  of  Mr.  Taylor 
with  which  I  do  not  agree.  I  totally  disagree  with  him  on 
some  things  which  he  has  mentioned — perhaps  because  my 
experience  has  been  in  the  teaching  profession.  I  am  sure 
that  if  he  had  been  a  teacher  for  twentj-  years,  he  would  not 
believe  as  he  does  now.  Each  man  looks  at  these  problems 
from  his  own  standpoint;  ]Mr.  Taylor  looks  at  them  from  his 
side,  while  we  look  at  them  from  the  standpoint  of  the  teacher. 
But  notwithstanding  we  ought  to  get  a  great  deal  of  good  from 
this  exchange  of  opinions;  we  ought  to  get  verj^  much  closer 
together,  especially  as  Mr.  Taylor  is  in  sympathy  with  what 
we  are  doing. 

Mr.  Taylor  referred  to  Mr.  Crane.  The  first  article  of  Mr. 
Crane's  I  ever  read  was  one  published  in  the  Railway  Journal 
a  few  years  ago — an  address  delivered  before  a  railway  club. 
Mr.  Crane  said  in  that  address  that  an  experience  of  many 
years  had  shown  him  that  a  training  in  a  technical  school  was 
absolutely  worthless  to  the  boy  who  was  going  to  be  a  me- 
chanic. Does  any  one  suppose  that  a  boy  trained  in 
a  technical  school  will  ever  be  a  mechanic  in  a  shop?  This 
address,  as  well  as  a  number  of  others,  shows  that  when  Mr, 
Crane  talks  about  technical  schools  he  is  talking  about  some- 
thing of  which  he  is  entirely  ignorant ;  that  he  has  no  concep- 
tion of  what  the  modem  technical  school  is  doing. 

Mr.  Taylor  says  that  there  is  little  discipline  in  our  col- 
leges, that  results  are  not  obtained,  and  that  students  work 
when  they  please.  He  states  that  in  these  respects  the  boy  is 
under  different  conditions  in  college  from  what  he  is  in  prac- 
tical life.  This  latter  is  true  to  some  extent — the  boy  is  neces- 
sarily under  less  discipline.    Mr.  Taylor  most  certainly  would 
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not  propose  to  put  the  boy,  in  college,  under  the  same  disci- 
pline that  he  will  be  under  when  he  leaves  college. 

Yet,  the  boy  is  under  a  great  deal  of  discipline  in  the  tech- 
nical school.  In  my  own  institution,  the  students  come  to  work 
at  eight  o'clock  in  the  morning  and  stay  until  four  o'clock  in 
the  afternoon.  There  are  not  more  than  two  or  three  hours  in 
the  week  when  they  are  not  in  class  room  or  laboratory  directly 
under  control.  The  discipline  of  the  class  room  and  the  lab- 
oratory, it  seems  to  me,  is  an  efficient  discipline.  It  is  dif- 
ferent from  the  shop  because  it  has  to  be.  The  results  expected 
are  different,  but  in  both  places  we  do  demand  results.  It  is 
probably  true  that  we  are  not  as  stringent  in  our  demands  for 
results  as  we  ought  to  be,  but  it  is  not  true  that  we  do  not 
get  any  results. 

For  twenty  years  in  my  mathematical  teaching  wherever 
problems  were  concerned  I  have  had  but  two  grades — zero  and 
one  hundred.  I  have  demanded  results  in  mathematics  and 
a  solution  of  a  problem  has  been  either  right  or  wrong.  I 
would  not  say  that  every  one  who  has  charge  of  a  laboratory 
should  demand  that  when  a  student  goes  through  an  experi- 
ment he  should  secure  an  absolutely  correct  result,  but  I  do 
hold  that  the  instructor  should  demand  as  accurate  a  solution 
of  the  problem  as  can  be  obtained  with  the  time  allowed  and 
under  the  given  circumstances.  A  student  who  performs  an 
experiment  but  once  cannot  be  expected  to  secure  as  accurate 
results  as  the  man  who  has  performed  that  experiment  a  thou- 
sand times;  but  the  student  can  be  required  to  understand 
the  problem  thoroughly  both  in  a  theoretical  and  a  practical 
way,  to  comprehend  the  manipulation  of  the  apparatus,  the 
method  of  computing  the  result,  and  to  obtain  a  reason- 
ably close  answer.  If  there  is  time  a  student  can  be  required 
to  repeat  the  experiment  several  times,  improving  with  each 
repetition.  I  believe  that  in  our  technical  schools  students  are 
required  to  work  in  this  way  and  that  accuracy  is  one  of  the 
requirements. 

To  a  certain  extent  a  student  works  when  he  pleases  and  is 
not  obliged  to  work  from  seven  in  the  morning  to  five  in  the 
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afternoon ;  we  cannot  force  him  to  do  that.  Mr,  Taylor  should 
remember  that  these  students  have  certain  hours  of  lecture 
work  and  certain  hours  of  laboratory  work.  These  take  up 
nearly  all  of  the  day — almost  as  many  hours  as  the  man  in  the 
shop  puts  in.  After  that,  the  student  must  prepare  three  or 
four  subjects  for  the  next  day's  recitations.  He  works  many 
hours  more  than  the  man  in  the  shop  and  should  therefore  be 
given  a  certain  amount  of  freedom  outside  of  his  hours  in  the 
lecture  room  and  laboratory  or  he  will  break  down  as  students 
have  done  in  thousands  of  instances.  As  the  conditions  are 
so  different  we  cannot  give  the  same  kind  of  training  as  in 
the  shop,  but  there  is  no  doubt  that  in  our  technical  institu- 
tions we  are  holding  the  boys  under  a  fair  amount  of  disci- 
pline. We  see  that  their  work  is  systematically  and  regularly 
done,  we  hold  them  to  a  certain  schedule  every  day  and  every 
week,  and  we  require  them  to  pass  certain  tests  and 
examinations. 

I  agree,  also,  with  ]Mr.  Taylor  that  character  and  common 
sense  are  essential  qualities  in  the  man  who  is  to  go  out  into 
the  world  and  make  a  success.  One  remark  made  by  Mr. 
Taylor,  however,  was  a  little  too  strong — that  in  regard  to  the 
character  training  which  is  given  at  college.  In  a  technical 
school  at  least  the  boy's  character  is  trained.  I  believe  the 
course  of  study,  the  exercises  in  class  room,  lecture  room  and 
laboratory,  the  student  life,  the  responsibility  that  is  reposed 
in  him  by  parents  and  faculty,  the  participation  in  student 
activities,  etc.,  all  tend  to  the  formation  of  character.  Men 
leave  the  technical  school  much  stronger  mentally  and  morally 
than  when  they  entered,  and  the  great  majority  can  be 
depended  upon  to  look  at  things  in  the  right  way  and  to  do 
the  right  thing.  They  do  this  in  college,  and  they  are  going 
to  do  it  afterwards.  There  is  always  a  response  in  the  right 
direction  when  we  appeal  to  a  student's  common  sense  or  to 
his  sense  of  justice.  I  believe  the  average  student  has  high 
ideals  in  regard  to  work  and  character  and  I  think  he  is  con- 
stantly striving  to  reach  those  ideals. 

I  believe,  also,  in  the  shop  work  which  Mr.  Taylor  has  spoken 
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of,  although  I  do  not  agree  with  him  as  to  the  best  method 
of  teaching  it.  Y>\evj  student  who  is  going  into  mechanical  or 
electrical  engineering  should  have  a  large  amount  of  shop 
work  and  every  technical  school  requires  that  a  student  shall 
do  a  certain  amount  either  before  he  enters  or  during  his 
course.  But  I  cannot  believe  that  the  man  who  is  going  to 
be  a  civil  or  a  chemical  engineer  should  be  required  to  do 
much  work  in  the  shop.  It  is  a  great  advantage  to  a  fellow 
to  have  had  some  shop  work  before  entering  college  or  to  gain 
some  experience  in  this  line  during  summer  vacations,  but 
from  a  pedagogical  standpoint  it  would  be  very  bad  practice 
to  take  a  man  out  of  college  after  the  freshman  year,  put  him 
in  a  shop  where  he  would  have  no  intellectual  training,  and 
then  afterwards  expect  him  to  resume  his  studies.  In  the 
first  place,  he  would  probably  not  go  back  to  college,  because 
having  become  unused  to  study  it  would  be  exceedingly  diffi- 
cult for  him  to  resume  it  again.  It  seems,  therefore,  that  Mr. 
Taylor's  plan  is  entirely  impractical  for  the  great  majority  of 
students.  If  a  technical  student  wishes  to  become  the  super- 
intendent of  a  shop  or  to  be  identified  with  shop  work,  he 
should  go  into  the  shop  after  graduation  and  thus  secure  all 
the  advantages  which  ^Mr.  Taylor  has  named,  unless  he  has 
had  the  advantages  of  shop  practice  before  entering  the  tech- 
nical school. 

In  regard  to  the  study  of  workmen,  I  fully  agree  with  ]Mr. 
Taylor  that  we  do  not  give  any  instruction  in  regard  to  the 
methods  of  dealing  with  them.  The  reason  for  this  is  that  we 
know  very  little  about  teaching  this  subject,  because  success  in 
dealing  with  men  depends  very  largely  upon  the  individual. 
Theories  may  have  something  to  do  with  it,  and  perhaps  cer- 
tain lectures  could  be  given  which  would  be  of  great  advan- 
tage, but  they  would  not  be  very  helpful  to  the  man  who  had 
not  the  faculty  of  handling  men — although  they  might  be  of 
some  advantage  to  one  who  had  that  faculty.  If  Mr.  Taylor 
can  write  any  articles  or  books  which  will  help  us  along  this 
line,  he  will  be  conferring  a  great  benefit  upon  both  the  facul- 
ties and  the  students  of  our  technical  schools. 
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PsoFESSOE  XoRRis:  I  am  ven-  much  interested  in  the 
apprenticeship  course,  because  I  feel  that  it  is  a  proper  thing 
for  the  student  to  have,  at  some  time  before,  during  or  after 
his  college  course.  It  seems  to  me  that  Mr.  Taylor's  view  is 
the  right  one,  namely,  that  the  apprenticeship  is  not  a  post- 
graduate course  of  instruction,  but  an  opportunity*  for  a  young 
man  to  leam  what  a  day's  work  is,  and  what  workmen  are. 
'My  own  shop  work  was  obtained  between  high  school  and 
college.  I  know  now  that  I  did  not  feel  any  great  desire  to 
leam  in  the  shop.  I  did  not  intentionally  use  it  as  an  educa- 
tional institution,  but  felt  about  as  the  other  young  fellows 
in  the  shop.  I  believe,  however,  that  I  learned  what  a  day's 
work  was.  I  am  inclined  to  agree  with  ;Mr.  Taylor,  that  the 
earlier  this  apprentice  work  comes,  the  earlier  the  young  man 
is  apt  to  get  ahead. 

Professor  Swaix  :  I  agree  in  the  main  with  what  ^Mr.  Taylor 
says.  In  regard  to  the  appreciation  of  engineering  graduates, 
I  doubt  the  truth  of  his  statement.  It  certainly  does  not  hold 
good  regarding  employers  of  graduates  in  civil  engineering. 
If  it  is  true  regarding  manufacturers.  I  think  that  it  is  also 
true  that  there  is  a  much  greater  appreciation  of  technically 
trained  men  now  than  iorty  years  ago.  When  the  technical 
schools  were  started,  there  was  not  the  necessity  for  a  techni- 
cally trained  man  that  there  now  is. 

Dean  Goetze:  The  existence  of  technical  schools  is  fully 
justified  by  what  they  are  doing  and  the  appreciation  of  the 
men  they  turn  out  is  increasing  every  year.  The  problem  of 
education  is  a  very  complex  one,  involving  many  elements. 
One  mistake  made  by  many  of  us  is  in  forgetting  the  character 
of  the  student  while  he  is  in  school,  "^e  treat  him  as  if  he 
were  a  fully  developed  man.  The  raw  material  the  teacher  has 
to  do  with  is  student,  and  only  certain  things  can  be  done 
with  that  material.  I  agree  with  Mr.  Taylor  in  regard  to  the 
lack  of  discipline.  This  lack  is  greater  in  colleges  than  in 
technical  schools.  The  colleges  and  technical  schools  should 
do  aU  they  can  to  train  the  character  and  not  simply  the 
intellect. 
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A  year  in  the  shop  is  a  good  thing  for  the  student  to  have. 
And  yet  I  do  not  think  that  it  is  the  only  panacea  for  the  ills 
complained  of.  "With  a  thorough  appreciation  of  the  impor- 
tance of  discipline,  and  with  a  training  of  character  in  addi- 
tion to  the  training  of  intellect,  the  students  of  our  schools 
can  be  turned  out  to  take  part  immediately  in  the  work  of  our 
country  with  efficiency.  They  should  not  need  one  or  two 
years  of  training  by  somebody  else  before  a  man  like  Mr. 
Taylor  is  ready  to  take  them.  I  disagree  entirely  with  what 
;Mr.  Taylor  has  said  in  regard  to  the  post-graduate  work. 
There  are  other  things  in  which  the  young  man  should  be 
trained  besides  the  appreciation  of  shop  workmen.  "With  sum- 
mer work  throughout  a  course  of  four  years,  a  young  man 
may  get  practically  a  year  of  outside  work.  "When  he  gradu- 
ates, he  is  not  a  broadened  engineer,  but  simply  a  bachelor 
of  science,  and  will  have  to  begin  at  the  bottom.  If  he  goes 
out  of  college  with  a  due  sense  of  humility  and  not  with  a  sense 
that  he  knows  it  all,  I  believe  that  Mr.  Taylor  would  be  willing 
to  take  him. 


UNIVERSITY   EXTENSION— "  AN   INSTRUMENT 
OF  THE  STATE  IN  ITS  UPBUILDING." 

BY  LOUIS  E.  KEBEE, 
Director,  University  Extension,  the  University  of  "Wisconsin. 

In  Wisconsin  it  is  believed  that  the  university,  controlled 
and  supported  by  the  state,  should  be  of  service  to  all  the 
people  of  the  state  in  all  their  needs.  As  part  of  the  system 
of  public  education,  who  shall  say  that  it  should  limit  its  field 
to  resident  students  and  to  higher  education?  If  it  is  better 
able  than  any  other  agency  in  the  state  to  take  unto  itself 
certain  new  functions  and  meet  unquestioned  demands,  why 
should  old,  conservative,  academic  views  stand  in  the  way? 
The  results  achieved  in  Wisconsin  during  the  past  year  by  the 
University  Extension  Division  should  tend  to  dispel  the  con- 
servatism of  the  cloistered  scholar,  who  regards  education  as 
synonymous  with  advanced  intellectual  achievement,  a  thing 
for  the  elect  only,  which  must  be  carefully  protected  to  avoid 
the  possibility  of  its  becoming  common.  I  am  glad  to  say 
there  is  but  little  of  this  conservatism  in  the  University  of 
Wisconsin,  and  daily  it  is  lessening. 

With  this  attitude  assured,  the  question  arises — How  may 
the  University  broaden  its  service  to  the  educational  interests 
of  the  state  without  interfering  in  any  way  with  agencies 
already  at  work  ?  Certainly  accurate  knowledge  of  conditions 
existing  in  all  parts  of  the  state,  is  an  essential  first  step 
toward  the  solution  of  this  problem.  The  state,  therefore, 
must  be  divided  into  districts  and  a  university  representative 
placed  in  each  district  with  such  assistants  as  he  may  require. 
The  function  of  this  representative  is  to  study  the  social,  eco- 
nomic and  industrial  conditions  of  his  district  and  in  coopera- 
tion with  school  boards,  library  boards,  town  councils,  civic 
leagues  and  all  such  established  organizations,  to  determine 
how  the  university  can  best  serve  the  people.     In  Wisconsin 
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the  district  organizer  arranges  a  central  office  in  which  the 
work  of  the  district  is  developed,  for  lecture,  reading,  and  corre- 
spondence studv  c-ourses.  exhibits,  demonstrations  and  con- 
ventions or  institutes  relating  to  the  industries  in  his  district. 
One  district,  that  iaclnding  the  eitr  of  !Milwankee,  has  enjoyed 
the  advantage*  offered  by  university  extension  for  some  time, 
with  results  beyond  the  most  sanguine  expectations.  V^iih 
similar  organizations  covering  the  state,  one  may  confidently 
believe  that  no  bound  can  be  set  to  the  possible  usefulness  of 
extension.* 

As  has  been  implied,  it  is  not  the  object  of  the  Extension 
Division  to  usurp  the  prerogative  of  established  bodies  but 
rather  to  assist  them  and,  if  possible,  add  to  what  they  are 
doing  by  means  strictly  compatible  with  their  interests  and 
plans.  The  university  stands  ready  to  turn  over  any  of  its 
activities  in  a  community  to  the  community  itself  when  it  is 
capable  and  desirous  of  undertaking  them.  Local  trade 
schools,  night  schools  and  continuation  schools  generally,  are 
to  be  encouraged  and  at  all  times  would-be  students  are  ad- 
vised to  pursue  the  course  that  ultimately  will  bring  them  the 
greatest  return  in  the  broadest  sense.  Such  a  policy  calls  for 
broad-minded  sympathetic  district  representatives — ^men  who 
understand  human  nature  and  are  capable  of  estimating  a 
young  person's  possibilities. 

The  service  from  the  university  to  a  given  community  may 
relate  to  municipal  problems,  hence  the  necessity  for  a  muni- 
cipal reference  department,  to  serve  city  and  borough  councils 
somewhat  as  the  legislative  reference  departments  aid  the  legis- 
latures in  different  states.  Town  or  city  may  need  an  awaken- 
ing in  some  phase  of  civic  betterment — an  institute  or  series 
of  lectures  will  prove  helpful.  The  Extension  Division  is 
prepared  to  supply  speakers  who  will  lecture  upon  topics  of 
general  interest  or  adapted  to  meet  local  conditions.  One 
might  enumerate  indefinitely  problems  which  may  arise  which, 
through  the  instrumentality  of  its  extension  field  organization, 
the  university  may  help  to  solve.     How  may  women's  clubs, 

*  Sinee  this  paper  was  prepared  a  second  district  has  been  organized 
and  its  work  is  saeeesafolfy  establisbed. 
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fanners'  clubs,  debating  societies,  high  school  students,  boys 
who  drop  out  of  school  early,  apprentice  boys,  men  in  the 
shops,  men  and  women  who  cannot  leave  their  homes — how 
may  these  and  many  other  classes  be  given  an  opportunity  to 
improve  themselves  either  vocationally  or  culturally?  "What 
may  be  done  to  increase  the  intelligence  of  voters  on  great 
questions  which  are  now  before  the  public  for  solution  ? 

"With  these  questions  and  many  others  in  mind,  the  Exten- 
sion Division  has  established  four  main  departments  of  work : 
namely,  of  Debating  and  Public  Discussion,  of  General-In- 
formation and  "Welfare,  of  Instruction  by  Lectures,  and  of 
Correspondence  Study. 

To  explain  the  work  of  the  Department  of  Debating  and 
Public  Discussion,  I  probably  can  do  no  better  than  to  quote 
from  an  editorial  which  appeared  in  the  Boston  Herald  of 
September  26,  190S.  This  editorial  was  written  after  a  care- 
ful examination  of  this  branch  of  the  extension  work. 

"Early  in  November  the  citizens  of  Wisconsin  will  vote  for  or  against 
an  amendment  to  the  state  constitution  which  will  permit  the  legislature 
to  -ppropriate  monev  for  the  construction  or  improvement  of  public 
highways.  The  issue  is:  Shall  the  state  undertake  'an  economical  and 
efScient  system  of  road-building  upon  an  extensive  scale  '?  Where  shaU 
John  Doe,  who  lives  in  a  remote  hamlet,  or  Eichard  Doe,  who  lives  in 
Milwaukee,  look  for  information  enabling  him  to  vote  intelligently  on  the 
amendment?  To  the  journalists,  politicians  and  local  solons  only?  Not 
in  Wisconsin.  The  people  have  a  university  which  conceives  it  to  be  its 
duty,  and  its  privilege,  to  furnish  information,  dispassionate  and  non- 
partisan, so  far  as  can  be,  to  all  citizens  of  the  state,  on  every  matter  of 
public  importance.  The  people  look  upon  it  as  '  our  university  '.  It 
crowns  their  system  of  free  public  education.  They  elect  its  regents. 
They  pay  its  bills.  They  know  that  its  investigators  have  added  millions 
to  the  wealth  of  the  state.  They  know  that  its  experts  have  aided  in 
shaping  progressive  legislation  and  in  defeating  forces  that  hitherto  have 
been  powerful  at  the  state  capital. 

"And  so  John  Doe  writes  to  the  university  for  information.  At  once 
there  comes  back  to  him  a  leaflet,  issued  by  the  university  extension 
division  and  prepared  for  the  use  of  debaters  or  voters.  Therein  he 
finds  the  question  approached  from  three  standpoints.  The  wisdom  of 
establishing  a  system  of  taxation  which  compels  assessments  on  cities  and 
villages  for  roads  beyond  their  limits;   the  comparative  merits  of  the 
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Xew  Jersey  or  the  Michigan  systems  of  state  aid,  and  the  wisdom  or 
unwisdom  of  using  convicts  in  building  state  roads.  Eeasons  pro  and 
con  are  given  on  each  point.  Eeferenees  are  made  to  federal  and  state 
public  documents  which  bear  on  the  matter,  page  and  chapter  being 
given.  Instructions  are  given  how  these  documents  can  be  purchased  or 
on  what  terms  they  can  be  loaned.  Everything  is  done  to  facilitate  intel- 
ligent understanding  of  the  question.  And  attention  is  called  to  the  fact 
that  instruction  by  correspondence  on  highway  construction  and  main- 
tenance is  carried  on  by  the  chief  of  the  highway  division  of  the  Wis- 
consin geological  and  natural  history  survey,  and  also  by  the  univer- 
sity itself. 

' '  It  must  be  obvious  that,  if  ref erendums  are  to  settle  public  questions, 
if  constitutions  are  to  be  amended  during  the  next  decade  or  two,  an 
electorate  aided  to  intelligent  action  on  the  issues  involved  by  those  who 
are  above  the  suspicion  of  partisanship  or  of  personal  interest  in  the 
matter  will  act  with  far  greater  wisdom  than  an  electorate  which  is  not 
so  served. 

' '  Possibly  a  "Wisconsin  voter  may  have  his  doubts  whether  the  initiative 
and  referendum  are  good  or  bad  devices  of  modern  democracy.  He 
writes  to  the  university,  not  for  an  opinion  representing  its  views,  but 
for  information  as  to  what  is  said  for  the  new  device  by  those  who 
believe  in  it  and  by  those  who  do  not.  It  costs  him  but  two  cents  to 
get  his  reply.  Serial  Xo.  224,  General  Series  No.  25,  comes  back.  In  it 
the  initiative  and  the  referendum  are  defined.  The  history  of  the  move- 
ment in  "Wisconsin  is  briefly  set  forth.  Then  follow  references,  pro  and 
con,  to  the  material  in  the  legislative  reference  department,  useful  if 
the  seeker  be  a  legislator;  or  the  pamphlets  on  the  subject  issued  by  the 
states  of  Ohio  and  Oregon,  which  can  be  had  through  correspondence. 
Supplementing  these  references,  page  and  chapter,  to  books  of  general 
circulation,  to  arguments  by  critics  and  by  advocates,  and  to  the  litera- 
ture of  propaganda  on  the  subject.  Similar  pamphlets  are  to  be  had  on 
the  vexed  issues  of  election  of  senators  by  popular  vote,  the  parcels  post, 
postal  savings  banks,  woman  suffrage,  and  proportional  representation, 
and  each  pamphlet  shows  how  the  matter  may  be  still  farther  followed 
up  through  correspondence  study  with  the  university. 

' '  Such  a  system  of  relating  a  university  to  the  practical,  exigent,  polit- 
ical needs  of  the  people,  or  training  them  to  look  to  the  educated  expert 
for  sources  of  information  seems  to  us  splendidly  efficient,  viewed  from  a 
pedagogical  standpoint,  and  in  very  truth  democratic.  The  institution 
thereby  conceives  of  the  whole  electorate  as  its  potential  student  class, 
as  well  as  its  donor  of  funds  and  its  sovereign  in  law. ' ' 

The  Department  of  General  Information  and  Welfare  is 
designed  to  form  a  link  bet"ween  the  people  of  the  state  and  the 
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National,  State  and  University  Research  departments.  An 
immense  fund  of  useful  information  in  the  form  of  bulletins 
issued  by  these  departments  is  largely  latent,  either  on  account 
of  limited  circulation  or  because  the  publications  are  couched 
in  language  familiar  only  to  the  expert  investigator.  This 
tremendous  force  for  popular  education  must  be  made  effec- 
tive by  reediting  in  available  form  where  necessary  and  by 
wide  distribution. 

The  state  commissions  of  forestry,  geology,  natural  history, 
the  state  health  boards,  the  university  research  departments, 
the  great  national  societies,  are  devoted  to  the  solution  of 
problems  of  universal  interest,  but  their  work  is  not  always 
for  the  masses.  To  this  extent  it  is  ineffective.  Their  appeal 
is  to  him  only  who  seeks,  and  the  desire  to  know  implies  a 
degree  of  preliminary  knowledge.  It  is  the  policy  of  exten- 
sion in  all  its  departments  of  work  not  merely  to  respond  to 
demands,  but  to  create  demands  by  arousing  interest. 

As  rapidly  as  means  permit,  bulletins,  monographs,  and 
leaflets  on  topics  of  general  interest  and  value  are  being 
printed  and  distributed.  For  special  topics,  exhibits,  includ- 
ing models  and  charts,  are  made  up  and  presented  in  person 
by  expert  demonstrators.  Thus,  through  extension  channels, 
data  relating  to  discoveries,  inventions,  and  all  advances  in 
knowledge  of  everyday  interest — which  otherwise  might  lie 
dormant  for  years  so  far  as  popular'  use  is  concerned — will  be 
brought  to  the  people  promptly  at  little  or  no  cost  to  them, 
and  by  such  methods  as  enlist  their  interest. 

As  its  name  implies,  this  department  offers  its  services  to 
citizens  of  the  state  also  as  an  information  bureau.  Inquiries 
upon  matters  affecting  private  or  public  interest  are  answered 
through  its  medium  by  specialists  in  the  university,  who  also 
may  be  sent,  upon  demand,  to  inspect  conditions  and  advise 
as  to  procedure. 

Great  care  is  taken  not  to  encroach  upon  the  field  of  the 
professional  expert.  If  the  information  desired  is  of  such  a 
nature  as  to  bring  personal  profit  to  the  inquirer  rather  than 
general  good  to  his  community,  he  is  advised  as  to  the  proper 
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steps  to  be  taken.  A  short  time  ago  an  application  for  assist- 
ance came  to  this  department  from  the  inventor  of  a  machine. 
The  design  was  given  a  superficial  examination  and  found  to 
have  some  features  worthy  of  investigation.  The  designer  was 
advised  of  this  judgment  and  assisted  in  securing  profes- 
sional service. 

There  are  in  the  United  States  some  hundreds  of  thousands 
of  men  and  women  enrolled  in  commercial  correspondence 
schools.  These  students  are  working  under  the  disadvantage 
of  distance  from  the  instructor,  and  in  some  instances  of  an 
almost  prohibitive  fee.  The  further  discouragement  frequently- 
experienced  on  account  of  lack  of  laboratory  or  library  aids, 
and  the  loss  of  class  relations  is  unfortunate.  Nevertheless, 
the  great  army  of  those  who  are  urged  by  desire  for  learning, 
but  for  whom  schools  are  not  within  the  range  of  possibility 
grows  daily. 

The  agricultural  colleges  in  many  of  our  state  universities, 
recognizing  this  hunger  of  the  people,  have  established  ex- 
tension departments,  offering  short  courses  at  the  institution, 
traveling  institutes,  practical  demonstrations  and  corre- 
spondence-study. To  the  unbiased  observer,  the  policy  which 
has  led  to  the  introduction  in  the  university  of  extension 
methods  for  the  agricultural  interests  only,  would  seem  to  be 
mistakenly  limited.  A  large  majority  of  the  students  entered 
in  commercial  schools  are  engaged  in  technical  studies  other 
than  agricultural.  Trade  schools,  technical  institutes,  ap- 
prenticeships, industrial  courses  in  high  schools  and  colleges 
— widespread  as  these  are — are  not  sufficiently  inclusive  to 
meet  the  tremendous  demands  for  utilitarian  education.  The 
need  for  increased  intelligence  and  fitness  in  the  .American 
wage  earner  is  acknowledged.  Skilled  labor  must  frequently 
be  imported  and.  at  best,  only  certain  American  products 
can  compete  with  foreign.  The  state  of  "Wisconsin  is  making 
an  effort  to  meet  this  condition  through  the  establishment  of 
her  University  Extension  Division  for  all  classes  and  for 
every  vocation  as  an  organic  part  of  her  state  educational 
sy^em.    As  will  be  shown,  by  far  the  largest  application  of 
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the  work  up  to  this  time  has  been  in  the  direction  of  voca- 
tional training. 

The  main  advantage  derived  by  the  Correspondence  Study 
Department  from  the  association  of  extension  work  with  the 
state  educational  system,  aside  from  that  of  reduced  cost,  prob- 
ably lies  in  the  fact  that  the  student  is  brought  into  personal 
touch  with  the  instructor.  In  its  fullest  development  this 
method  must  eventually  lead  not  only  to  placing  instructors  in 
every  part  of  the  state,  but  in  the  establishment  of  local  labora- 
tories and  class  rooms  in  every  community  in  which  they  are 
needed.  The  traveling  Library  in  "Wisconsin  is  closely  associ- 
ated with  the  work  of  Extension,  and  supplies,  free  of  cost, 
sets  of  books  adapted  to  the  needs  of  the  student  or  class  of 
students.  To  facilitate  the  introduction  of  extension  benefits 
uniformly  throughout  the  state,  the  system  of  organization  of 
which  I  have  spoken  has  been  adopted  in  "Wisconsin,  dividing 
the  state  into  districts,  each  of  which  having  its  complement 
of  organizers,  teachers,  laboratories,  class-rooms,  etc. 

In  order  to  give  you  a  brief  view  of  the  nature  of  the  work 
offered  by  correspondence  study,  permit  me  to  quote  from  a 
recent  report  to  the  regents  of  the  extension  di^-ision  work : 

"  Correspondence  study  may  be  grouped  under  several 
heads,  as  follows :  Regular  university  grade,  special  advanced, 
high  school  and  preparatory,  elementary,  and  vocational. 

"  The  work  offered  represents  3-i  departments  of  the  uni- 
versity and  includes  over  230  courses  of  study.  The  subjects 
taken  by  correspondence  students  include  nearly  all  that  are 
offered.    The  teachers  engaged  in  the  work  number  74. 

"  The  distribution  of  students  among  the  more  generally 
chosen  subjects  is  as  follows : 

Ancient  languages — Latin,  Greek,  etc 30 

Business  administration    122 

Commercial  law    125 

Drawing   194 

Education    36 

Engineering — electrical,  mechanical,  etc 301 

Engineering — shop  mathematics,  etc 492 

English   156 
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Highway  eonsfemetioii   144 

History — AmerieaiL,  ancient,  English,  United  States 27 

Home  economies 17 

Mathematies — algebra,  geometry,  trigonometry,  analytieal 

geometry,  ealealiis   218 

Modem  languages — ^Freneh,  German,  Spanish 139 

Music — ^method  of  teaehing  in  pnblie  schools 6 

Natural  seienees — astronomy,  bacteriology,  botai^,  ehem- 

isbry,  geology,  ete 68 

Philoaopby   11 

Polirieal  seienees — aerienltaral  economies,  ete 69 

I:--:  2455 

Of  these  in  nni-r  :-  :"  ^7.    r  r\:  .ir;  :iTrr  ire 551 

in  high  ;:_;;.   :r  ■  re";  ;ir:i:  iry  i.i::j  =  jt.5 161 

in  spe:::.-   :--  ;^~:.:i::  -  ~ :r> 7 

in  elen  :  ■   r-     :\::  jjifs 61 

in  TOc:.":   i: .        ::5r= 1^375 

Up  to  the  present  time,  less  than  two  years  sinee  the  incep- 
tion of  this  work,  one  center  only,  IGlwankee,  has  been 
developed  outside  of  Madison.  A  district  representatiTe,  two 
assistants  (field  organizers)  and  one  resident  teacher  are  now 
established  there.  The  number  of  students  is  increasing  so 
rapidly  that  it  will  be  necessary  to  add  another  resident 
teacher  in  the  course  of  the  summer. 

By  far  the  most  extensive  and  imiwrtant  work  in  Milwaukee 
is  that  conducted  among  manufacturing  employees  who  engage 
in  correspondence  courses  with  the  object  of  improving  their 
proficiency  in  the  woik  in  which  they  are  employed,  or  of 
preparing  themselves  for  more  congenial  or  better  positions. 
560  men  belonging  to  20  manufaetoring  concerns  are  enrolled 
in  correspondence  courses  designed  to  improve  their  industrial 
efficiency. 

In  bringing  the  university's  offer  of  training  by  home  study 
to  the  employee,  the  firm's  management  is  first  approached 
and  with  this  cooperation,  little  difficulty  is  experienced  in 
arousing  the  interest  of  the  men.  There  is  invariably  a 
certain  number  in  a  group  of  workmen  who,  upon  being 
shown  the  way  in  which  they  may  increase  their  equipment 
of  knowledge,  are  eager  at  once  to  try  it.    These  have  already 
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desired  self-improvement,  but  have  needed  direction.  Another 
class  of  employee  is  easily  awakened  to  an  ambition  he  has  not 
felt  before,  and  still  others  follow  the  lead  of  their  fellows. 

Those  who  are  enrolled  for  correspondence  courses  are  met 
at  once  by  a  teacher  who  gauges  their  capacity  and  prepara- 
tion and,  so  far  as  possible,  groups  them  in  classes.  It  is 
usually  impossible,  of  course,  to  form  classes,  the  members  of 
which  will  work  together  as  do  those  in  graded  institutions, 
but  sufficient  classification  can  be  accomplished  to  enable  both 
men  and  teacher  to  gain  advantage  from  the  association.  The 
teacher  meets  the  classes  as  often  as  once  in  two  weeks  at 
least,  and  individuals  who  need  more  frequent  and  special 
attention  are  given  it.  In  many  cases  thus  far  class-rooms 
have  been  supplied  by  the  management  and  the  men  have 
been  allowed  time  in  working  hours  for  class  meetings.  In 
nearly  every  case  an  arrangement  has  been  entered  into  by 
which  the  fee  to  the  University  is  paid  by  the  firm  from  the 
men's  wages. 

A  remarkable  and  unusual  degree  of  interest  was  mani- 
fested by  one  concern  which  raised  the  wages  of  its  men  in 
order  to  enable  them  to  enter  courses  of  study,  and  paid  half 
the  fees  of  a  class  of  apprentice  boys.  However,  this  is  only 
an  extreme  case.  The  attitude  manifested  by  employers 
toward  this  work  has  been  uniformly  encouraging.  They 
believe  in  its  practical  value.  Business  men  can  hardly  be 
expected  to  give  time  from  the  employee's  working  hours 
from  purely  humanitarian  motives,  nor  would  they  do  so  if 
they  were  not  convinced  of  the  increased  efficiency  of  the  men 
to  be  gained  through  education. 

Playfair,  in  189-i,  said,  in  an  address  on  the  subject  of 
university  extension :  ' '  Every  man  who  acquires  a  taste  for 
learning  and  is  imbued  with  the  desire  to  acquire  more  of  it, 
becomes  more  valuable  as  a  citizen  because  he  is  more  intelli- 
gent and  perceptive."  Many  calculations  have  been  made 
recently  of  the  actual  value  in  dollars  and  cents  of  vocational 
training.  This  contention  is  now  so  thoroughly  accepted  that 
it  is  no  longer  necessary  to  cite  results  obtained  in  foreign 
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countries,  notably  in  Germany,  where  the  continuation  school 
is  as  universal  as  any  other  part  of  the  school  system.  There 
seems  to  be  no  limit,  within  reason,  to  the  cooperation  that 
may  be  looked  for  from  the  manufacturer.  The  prevailing 
opinion  that  something  is  needed  in  industrial  education  has 
made  them  open-minded.  They  need  only  to  be  convinced 
that  what  is  proposed  is  worth  while. 

I  do  not  wish  to  be  understood  to  imply  that  men  connected 
with  large  business  enterprises  do  not  appreciate  and  value 
for  their  emploj'ees  the  enlarged  capacity  for  enjojTnent  and 
the  mental  culture  to  be  gained  from  their  mature  studies. 
In  our  experience,  the  interest  in  the  well-being  of  the  men 
shown  by  employers  in  assisting  their  effort  for  self-improve- 
ment through  extension  has  been  helpful  in  establishing  favor- 
able relations  between  them.  In  some  cases  employers  have 
taken  an  active  interest  in  the  men 's  studies,  keeping  informed 
of  their  progress  and  assisting  the  teacher  in  investigating 
and,  if  possible,  removing  sources  of  discouragement.  The 
men,  as  a  whole,  are  making  a  remarkable  record  of  persis- 
tence and  enthusiasm.  Although  many  of  them  are  unused 
to  mental  exertion  and  have  not  been  accustomed  to  conserve 
their  leisure  time,  but  a  small  proportion  of  them  have 
dropped  work  once  begun,  and  some  of  them  have  manifested 
enthusiastic  interest,  even  forming  study  clubs  among  them- 
selves, which  meet  more  frequently  than  their  classes,  for 
discussion  and  mutual  helpfulness. 

Thus  far,  neither  time  nor  appropriated  funds  have  per- 
mitted more  than  a  limited  trial  of  this  extremely  interesting 
experiment  among  industrial  employees,  but  every  firm  in 
^Milwaukee  to  whose  management  extension  methods  have  been 
explained,  has  welcomed  the  opportunity  for  its  men,  and 
both  the  reception  given  the  work  and  the  results  obtained  are 
evidence  of  the  scope  and  importance  it  is  destined  to  assume. 
In  JNIilwaukee  55,000  men,  employed  similarly  to  those  already 
enrolled  in  the  courses  of  study,  have  not  been  offered  the 
privilege.  With  sufficient  time  and  money  there  is  no  reason 
why  many  thousands  of  workmen  in  "Wisconsin  may  not  be 
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aided  by  extension  to  increase  their  vocational  efficiency.  The 
system,  worked  out  to  its  fullest  possibilities,  presents  incalcu- 
able  benefits  to  be  derived  from  the  increased  value  of  the  man 
unit  and  the  consequent  enlargement  of  the  productive 
power  of  industries. 

I  cannot  at  this  time  turn  aside  to  dwell  upon  the  moral 
value  to  the  artisan  of  home  study,  and,  indeed,  no  argu- 
ment is  needed  to  convince  the  thoughtful  of  the  usefulness 
of  directed  employment  during  otherwise  wasted  hours  for 
those  whose  early  opportunities  have  given  no  foundation 
upon  which  to  build  a  structure  of  self-improvement.  Corre- 
spondence study,  as  conducted  by  the  commercial  schools,  has 
vindicated  itself  in  spite  of  the  disadvantages  with  which  it 
has  had  to  contend ;  while  correspondence  study,  as  a  part  of 
the  state  educational  system,  is  bound  in  my  judgment  to 
rank  among  the  important  uplifting  influences  of  the  country. 

For  its  fullest  success  much  must  depend  upon  the  fitness 
of  the  extension  teacher.  In  the  beginning,  instructors  were 
drawn  only  from  the  regular  university  force.  The  disad- 
vantages of  this  practice  were  immediately  apparent,  especi- 
ally for  the  industrial  development.  The  teacher  in  extension 
must  possess  special  qualifications  for  the  work — power  to 
express  conceptions  in  clear  and  simple  language;  familiarity 
with  the  technical  process  of  the  student's  employment;  tact 
and  such  natural  insight  into  character  and  conditions  as  will 
enable  him  to  deal  with  men ;  and,  above  all,  his  first  interest 
mu.st  be  in  his  correspondence  study  work.  Such  a  teacher, 
with  the  cooperation  of  the  superintendent  at  the  works, 
frequently  can  do  more  for  the  industrial  employee  than 
courses  of  study  in  trade,  or  other  technical  schools.  Many  of 
the  students  of  this  class  are  so  far  removed  from  their  school 
experiences  that  they  do  not  know  how  to  make  use  of  schools, 
even  of  those  designed  especially  for  them.  For  these  the 
work  room,  under  favorable  conditions,  is  an  ideal  laboratory 
and  no  lesson  has  meaning  which  is  not  expressed  in  terms  of 
their  trade. 

It  is  desirable  to  keep  the  Extension  Division  in  as  inti- 
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mate  relation  with  other  departments  of  the  university  as 
possible,  but  for  some  months  past  a  corps  of  instructors, 
specially  qualified  for  this  work,  has  devoted  its  entire  time  to 
vocational  teaching.  These  men  are  selected  in  consultation 
with  the  heads  of  departments  of  resident  work,  and  a  per- 
sistent effort  is  made  to  keep  them  in  touch  and  sympathy 
with  university  thought  and  methods.  Though  chosen  ex- 
pressly for  extension  instruction  instructors  are  occasionally 
given  a  small  amount  of  residence  teaching  in  order  to  keep 
them  closely  identified  with  it. 

The  problem  of  laboratory  work  for  correspondence  stu- 
dents is  solved  in  a  variety  of  ways.  As  has  been  said,  the 
workman's  shop  may  be  his  best  laboratory,  but  to  supple- 
ment and  enlarge  his  opjwrtunities  the  university  labora- 
tories are  open  to  him  for  short  sessions  of  a  few  days  at  a 
time.  Local  laboratories,  also,  for  special  experimentation, 
will  be  opened  for  the  benefit  of  students  in  classes,  as.  for 
example,  the  proposed  fuel  testing  laboratory  in  ]\Iilwaukee 
to  which  the  men  will  bring  specimens  of  coal,  ash,  etc..  from 
their  own  plant,  in  order  to  determine  the  economic  efficiency 
of  the  processes  in  which  they  are  employed.  TVith  the  com- 
plete organization  of  the  state  by  districts,  permanent  local 
laboratories  will  be  established  at  the  eentere,  where  possible, 
in  public  school  buildings.  This,  it  is  hoped.  wiU  contribute 
to  the  usefulness  and  effectiveness  of  public  school  work  with- 
out interfering  with  the  demands  of  extension  students. 
The  latter,  indeed,  wiU  usually  be  at  liberty  for  experimental 
practice  only  in  the  evening,  and  it  is  planned  to  use  con- 
venient school  laboratories,  also  class  rooms  wherever  practi- 
cable. In  the  meantime  the  university  laboratories  and  tem- 
porary arrangements  are  depended  upon.  Apparatus  has 
been  supplied  by  the  university  for  individual  study  in  special 
cases.  Experiments  upon  local  steam  engines,  boilers  and 
similar  machinery,  are  conducted  at  the  works  in  which  the 
students  are  employed  with  the  required  additional  apparatus 
from  the  university'  in  charge  of  the  teacher  conducting  the 
work. 


UNIVEKSITY    EXTENSION.  117 

I  have  spoken  at  length  upon  the  application  Wisconsin  is 
making  of  extension  methods  in  the  industrial  world.  Its 
work  is  less  comprehensive,  perhaps,  but  not  less  useful  in 
other  directions. 

Great  care  is  taken  to  maintain  the  standard  set  by  the 
resident  departments  with  all  students  for  credit.  The  same 
pre-requisites  are  exacted  and  the  work  from  beginning  to 
end  is  under  the  close  scrutiny  and  supervision  of  resident 
teachers.  I  believe  I  can  safely  say  that  in  no  instance  has  a 
student  who  has  taken  preliminary^  correspondence  work, 
failed  to  make  a  good  standing  in  his  resident  studies.  The 
high  rank  maintained  by  these  students  is  so  uniform  as  to 
have  done  much  toward  removing  the  prejudices  which  at 
one  time  existed  in  the  university  against  the  practice  of 
allowing  credit  for  correspondence  study. 

I  need  not  speak  of  the  value  of  correspondence  study  for 
clubs,  to  whose  use  it  is  especially  adapted. 

In  "Wisconsin  there  are  over  600,000  youths  under  nineteen 
years  of  age  who  are  not  in  schools  of  any  kind.  To  these 
the  Extension  Division  offers  special  opportunities.  With 
field  organization  as  described,  and  with  the  cooperation  of 
the  public  school  teachers  throughout  the  state — which  is 
easily  secured — these  young  people  may  be  discovered  and 
an  opportunity  offered  them  to  take  up  studies,  vocational  in 
character,  applying  directly  to  the  work  they  are  doing,  or  to 
that  which  they  desire  to  do.  Thus  correspondence  study, 
supplemented  by  class  work,  may  establish  over  the  entire 
state,  what  would  be,  essentially,  continuation  schools.  In  a 
word,  the  University  shall  fare  forth,  knock  at  the  doors  of 
the  people  and  offer  them — not  a  hide-bound  curriculum,  but 
that  which  they  need. 

No  mention  has  been  made  of  the  Department  of  Instruc- 
tion by  Lectures.  It  is  realized  that  magnificent  results  in 
the  uplift  of  the  masses  is  accomplished  through  this 
medium.  For  many  years  the  university  has  sent  out  her 
specialists  in  science  and  art,  thus  contributing  to  the  general 
culture  and  enjoyment  of  the  people.     As  the  work  of  exten- 
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sion  grows,  it  is  designed  to  build  up  a  great  lecture  system 
at  nominal  cost  to  the  people,  which  shall  cooperate  with  and 
supplement  the  work  of  the  other  departments.  At  present 
what  is  done  in  this  direction  in  our  state  must  be  self-sup- 
porting, but  it  is  our  earnest  hope  that  the  day  is  not  far 
distant  when  the  example  of  this  city  (New  York)  in  its  great 
system  of  public  lectures  may  be  closely  followed  as  a  devel- 
opment of  the  university  extension  work  of  Wisconsin, 

Discussion. 

Pb'jfessor  Ccmjley:  I  would  like  to  ask  about  what  is  the 
average  expense  to  the  state  for  this  extension  work? 

Dea2C  Reber:  Last  year  the  state  spent  twenty  thousand 
dollars.  The  legislature  has  just  made  an  appropriation  of 
fifty  thousand  dollars  for  this  year,  and  of  seventy-five  thou- 
sand dollars  for  next  year.  The  fees  amount  to  from  twenty 
thousand  to  twenty-five  thousand  dollars  a  year  and  are  de- 
voted to  the  work. 

Pbofkssob  Cooley:  About  how  many  people  wiQ  be  bene- 
fitted by  that  expenditure? 

Deax  Reber  :  We  have  now  about  twenty-one  hundred 
students  taking  correspondence  work. 

A  phase  of  the  work  which  is  especially  interesting  is  its 
relation  to  the  high  schools.  The  schools  throughout  the  state 
come  to  the  department  of  debating  and  public  discussion  for 
assistance  in  the  preparation  of  themes.  This  department 
collects  and  classifies  material  on  certain  questions  or  subjects. 
"When  live  topics  are  up  for  discussion  in  the  state  it  goes  to 
the  papers  for  clippings.  I  refer  to  such  live  questions  of  the 
day  as  the  initiative  and  referendum.  Another  problem  which 
it  is  taking  up  is  that  of  the  conservation  of  national  resources. 
By  keeping  these  questions  before  the  public,  especially  before 
school  children,  we  can  assist  in  reinforcing  and  forming  senti- 
ment in  right  directions.  Xo  attempt  is  made  to  organize 
societies  to  work  for  conservation  or  other  issues.  We  merely 
keep  these  topics  constantly  before  the  people  so  that  they 
may  be  intelligently  advised  upon  them. 
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Professor  Coolet:  The  work  that  Professor  Reber  has 
described  is,  in  my  opinion,  one  of  the  most  important  being 
done  in  the  United  States.  The  suggestion  about  the  instruc- 
tion of  the  child  is  a  veiy  good  one.  I  have  been  much  inter- 
ested in  "Wisconsin,  and  in  this  extension  work  of  education, 
particularly  during  the  past  few  years.  I  was  in  IMilwaukee 
last  winter  for  two  or  three  weeks  and  had  an  opportunity  to 
learn  much  about  the  work  of  the  university.  Whenever  I 
inquired  about  it,  I  was  informed  that  it  was  a  question 
whether  the  university  owned  the  state,  or  the  state  the 
university. 

Professor  Jackson:  This  is  the  largest,  and  in  some  re- 
spects the  most  comprehensive  altruistic  effort  that  is  being 
made  by  any  one  of  our  institutions  of  higher  learning.  If 
one  talks  with  the  Milwaukee  manufacturers  whose  employees 
have  been  in  close  touch  with  this  work,  one  always  finds  that 
those  employers  are  deeply  impressed  by  the  help  they  believe 
they  are  going  to  get  in  the  future,  from  the  improved  skill 
and  interest  of  their  employees.  I  was  much  interested  in  the 
early  development  of  this  scheme,  at  least  in  that  part  relating 
to  the  organization  of  industrial  education  throughout  the 
state.  I  believe  that  the  organization  of  industrial  educa- 
tion cannot  be  carried  on  successfully  by  the  ordinary  com- 
mon school  teachers  or  the  manufacturers  or  the  professors  of 
education  in  our  colleges.  It  must  be  carried  on  with  the  co- 
operation of  the  engineering  teachers,  the  men  who  own  the 
industries,  and  the  more  altruistic  of  the  great  industrialists. 
The  University  of  Wisconsin  can  bring  this  about  in  its 
vicinity,  not  by  making  industrial  education  a  part  of  the 
university  curriculum,  but  by  supervising  it  and  seeing  that 
it  is  broadly  organized.  The  work  should  not  be  belittled  by 
being  made  a  fad. 

From  personal  observation  I  believe  that  the  industrial 
education  part  of  the  organization  described  in  Director 
Reber 's  paper  is  doing  great  good.  While  I  have  no  direct 
knowledge  of  the  other  parts  of  the  work,  the  wisdom  of  the 
president  and  faculty  of  the  university,  and  the  instructors 
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who  have  direct  charge  of  the  work,  is  sufficient  assurance  that 
they  are  doing  a  work  that  is  worthy  of  confidence  and  sin- 
cerest  good  will. 

The  PREsroEXT :  The  engineering  faculty',  which  is  not  con- 
nected directly  with  this  work,  gives  to  it  its  most  hearty  co- 
operation. We  believe  that  this  kind  of  work  will  help  the 
engineering  work  of  the  university. 


THE    FIVE    AND    SIX-YEAR    COURSES    IN    ENGI- 
NEERING SCHOOLS. 

BY  EOBEET  FLETCHEE,  Ph.D., 
Director  of  the  Thayer  School  of  Civil  Engineering,  Dartmouth  College. 

This  subject  is  a  sequel  to  a  wide  range  of  discussion  con- 
tinued through  almost  the  entire  history  of  this  Society. 
Reference  to  the  sixteen  volumes  of  our  ' '  Proceedings ' '  recalls 
discussions  and  arguments  on:  "entrance  requirements"; 
"requirements  for  graduation";  as  to  "specialization,"  what 
is  desirable  or  necessary;  "laboratory  practice"  (how  much, 
and  how  should  it  be  correlated  to  class-room  instruction)  ; 
the  separation  of  preparatory  subjects  from,  or  a  suitable 
intermingling  with  purely  professional  courses;  the  vacation 
question;  research  work;  graduate  courses  and  other  topics 
involved  in  fixing  the  limits  of  the  period  of  instruction. 

Whatever  may  be  our  ideals  or  theories,  we  are  facing  a 
situation — a  condition  of  affairs  which,  among  others,  has  the 
following  aspects: 

1.  A  general  acceptance  of  the  four-year  curriculum  lead- 
ing to  a  general  or  specific  bachelor's  degree. 

2.  The  necessity,  in  such  cases,  of  intermingling  what  are 
really  preparatory  subjects — such  as  mathematics,  physics, 
chemistry,  graphics,  etc. — with  the  subjects  which  are  alwaj'^s 
classed  as  engineering  branches. 

3.  The  questioning  of  methods  and  results,  prompted  by 
various  considerations,  among  which  are : 

(a)  The  call  for  more  time  for  the  curriculum,  due  to  the 
extraordinary  expansion  and  outreach  of  engineering  science 
and  practice.    Hence  the  topic  before  us. 

(6)  "What  may  be  termed  the  educational  inconsistencies 
and  misdemeanors  of  our  higher  institutions  of  learning  and 
culture  (so-called).  With  all  the  talk  about  insufficient  time 
for  the  needful  courses,  what  are  the  admitted  facts  ? 
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The  president  of  an  eastern  university  has  been  quoted  as 
saying :  ' '  Men  go  to  college  now  for  association  and  sentiment. 
It  is  a  four-years'  playground."  There  may  be  some  ref- 
erence here  to  the  obtrusive  intercollegiate  contests.  On  the 
unpublished  college  calendar  the  usual  sequence  is:  Football, 
basket-ball,  dramatic  performances,  glee-club  exhibitions, 
spring  track-meets  for  athletics,  junior  promenade  and  various 
festivities,  baseball,  boat-racing,  and  lately,  in  the  north,  polo. 
This  "traveling  show  business,"  in  the  name  of  institutions 
which  stand  for  the  highest  learning  and  culture,  has  the  con- 
comitants of  notorious  betting  and  the  expenditure  of  thou- 
sands of  dollars  in  the  travelling  expenses  of  the  loyal  college 
* '  cheering  squads. ' '  Thus  the  advantages  of  sports,  allowable 
in  moderation,  are  lost  in  wild  extremes;  thus  these  distrac- 
tions from  the  legitimate  work  are  constant  throughout  the 
year ;  thus  some  seem  to  regard  this  as  their  chief  interest  and 
make  a  business  of  play.  In  another  college  a  professor  found, 
on  investigation,  that  the  extraneous  activities,  such  as  society 
matters,  college  paper,  and  the  various  sports  and  recreations, 
most  of  them  quite  proper  and  even  helpful  in  their  place, 
might  easily  absorb  all  of  the  time,  so  as  to  exclude  entirely 
the  real  work  of  the  college. 

But,  we  recognize  a  minority  of  students  who  hold  aloof 
from  this,  in  good  degree,  attend  to  their  proper  business,  and 
save  the  scholarship  of  the  institution.  Blessed  is  the  man  who 
has  no  money  for  such  dissipation ;  he  is  not  as  poor  as  he 
thinks  he  is.  It  is  noteworthy,  however,  that  students  of 
technologj^  are  much  less  affected  by  this  evil ;  from  some  insti- 
tutes and  colleges  it  is  entirely  absent;  and  the  speaker  may 
add  that  all  who  come  under  his  jurisdiction  have  to  renounce 
all  connection  with  that  sort  of  thing.  It  is  a  platitude  that 
the  example  of  the  technical  schools  has  revolutionized  the 
programs  of  the  older  colleges  within  a  generation;  and  that 
their  students  are  prompted  to  strenuous  endeavor,  such  as 
is  unusual  among  students  in  the  general  courses.  Indeed, 
one  college  president  has  commonly  said  to  young  men  about 
to  enter  the  engineering  courses  that  they  are  expected  to  do 
about  a  third  more  work  than  the  other  students. 
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The  extremely  hostile  critic  who  recently  advised  a  state 
legislature  to  abandon  its  great  university  and  * '  go  out  of  the 
business"  of  the  higher  technical  education,  while  showing 
ignorance  of  the  plainest  facts  concerning  technical  education, 
was  taking  a  distorted  view  of  some  features  which  are  un- 
doubtedly open  to  just  criticism. 

(c)  Questionings  on  other  points  have  been  so  well  sum- 
marized by  the  president  in  his  opening  address  that  we  need 
not  specify  more. 

4.  Entrance  requirements  is  a  question  which  "will  not 
down."  The  dictation  of  the  universities  and  colleges  to  the 
secondary  schools  has  proceeded  to  extremes.  The  protest  of 
the  latter  has  become  very  loud,  both  in  teachers'  conventions 
and  in  current  periodicals.  Studies  that  belong  in  college, 
perhaps  to  the  extent  of  half  a  year  of  time,  are  crowded  back 
upon  the  high  schools  and  academies  which  cannot  properly 
do  the  work,  both  because  of  inadequate  teaching  force  and 
immaturity  of  many  of  the  students.  A  writer  in  a  leading 
magazine  for  May  has  charged  the  higher  institutions  with 
ruining  the  high  schools  by  diverting  their  strength  and  chief 
endeavors  from  the  many  pupils  who  cannot  go  to  college  to 
the  few  who  can.  He  says  the  people,  who  build  and  maintain 
these  schools  at  great  expense,  are  being  cheated  out  of  their 
proper  return  by  not  getting  the  education  best  adapted  to 
their  needs.  A  few  years  ago  the  writer  saw  an  examination 
paper  for  admission  to  our  foremost  university,  requiring 
solution  of  a  problem  in  organic  chemistry,  which  the  instruc- 
tors at  one  academy  said  would  be  a  hard  nut  for  them  and 
would  require  considerable  time  and  some  laboratory  work  for 
a  proper  answer.  Personally  the  speaker  thinks  that  our 
committee,  in  its  report  not  long  ago  made  these  requirements 
a  little  too  high.  He  would  cut  out  some  of  the  "advanced 
algebra,  any  advanced  trigonometry  and  some  of  the  labora- 
tory work."  Some  of  this  required  mathematics  an  engineer 
seldom  or  never  has  any  use  for.  It  should  be  relegated  to 
a  course  set  apart  for  such  as  wish  to  specialize  in  mathematics. 

5.  As  to  graduation  requirements,  or  the  curriculum  itself. 
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we  are  coming  to  something  like  agreement  on  the  main  point. 
The  president  of  a  well-known  institute,  in  a  recent  paper 
before  this  Society  on  "The  Crowding  of  the  Curriculum," 
made  a  protest  against  the  tendency  to  put  too  much  on  the 
program.  In  this  he  simply  voiced  the  opinions  of  many 
practitioners  with  which  some  of  us  are  familiar.  They  warn 
us  to  hold  back — not  to  branch  out  so  much  into  what  are 
really  details,  but  to  do  more  work  on  the  fundamentals.  Pro- 
fessor Perry,  of  London,  has  said  recently  in  correspondence 
with  a  secretary  of  this  Society:  "May  I  suggest  that  you 
Americans  are  trying  to  do  too  much  at  college.  You  are 
trying  to  teach  everji:hing  at  an  engineering  college.  It  seems 
to  me  that  a  college  ought  to  teach  a  man  how  to  go  on  educat- 
ing himself  after  he  leaves  college.  If  this  is  the  aim  of  a  col- 
lege, then  a  five  or  six-years '  course  is  all  too  long. ' ' 

6.  Our  leading  eastern  university  has  put  this  question 
beyond  debate  by  separating  her  engineering  school  entirely 
from  the  undergraduate  courses  and  making  it  wholly  a 
graduate  school.  Also  the  oldest  great  inter-ocean  university 
has  recently  announced  a  six-year  course  with  three  degrees 
in  sequence:  Bachelor  of  science  at  the  end  of  four  years, 
bachelor  of  engineering  at  the  end  of  five  years,  and  master 
of  engineering  at  the  end  of  six  years. 

7.  Other  institutions  have  long  held  to  the  policy  of  grant- 
ing only  the  degree  of  bachelor  of  science  at  the  end  of  a 
four  years'  course,  and  giving  the  engineer's  degree  two  or 
three  years  later,  and  only  to  those  who  have  earned  it  by 
proved  capacity  in  professional  pursuits. 

In  what  follows  the  writer  distinctly  disclaims  any  implied 
criticism  of  any  indi"\ddual  or  institution,  or  any  assumption 
that  he  has  found  "a  better  way."  The  institution  over 
which  he  has  presided  for  more  than  thirty  years  has  not 
suffered  from  an  embarrassment  of  riches.  Its  connection, 
limitations  and  the  high  and  rather  rigid  ideal  of  its  founder 
at  once  put  it  in  a  class  by  itself.  During  the  first  eighteen 
years  of  its  history  it  was  organized  and  conducted  on  the 
principle  of  the  six-year  course — that  is  two  years  given  to  the 
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engineering  courses  exclusively,  but  all  preparatory  work, 
including  a  full  course  in  graphics,  gained  by  a  previous 
college  course  of  four  years.  Since  1893,  the  entire  period 
has  been  reduced  to  five  years  by  doing  all  of  the  preparatory 
work  in  the  first  three  years  of  the  college,  and  allowing 
properly  qualified  or  picked  men  to  elect  the  first-year  courses 
in  civil  engineering  as  their  senior  or  fourth  year  work  in 
college,  leading  to  the  degree  of  B.S.  The  fifth  or  post- 
graduate year  is  then  devoted  to  the  advanced  courses  in  civil 
engineering. 

In  signing  the  report  of  the  committee  on  graduation  re- 
quirements five  years  ago  the  writer  added  the  following  com- 
ment: "On  the  basis  of  hours  and  exercises  which  the  report 
adopts  as  units  of  measurement,  a  collegiate  course  of  three 
years  (at  Dartmouth  College)  in  languages,  mathematics  and 
physical  sciences,  comprises  the  following  program:  Sixteen 
exercises,  equaling  forty-eight  hours  per  week,  and  about 
4.750  hours  in  the  three  years.  After  this  there  is  one  year  of 
engineering  studies  specifically,  with  a  degree  of  B.S.  at  the 
end.  The  thiry-nine  actual  weeks  of  fifty-five  hours  each  add 
2,145  hours  to  the  preceding.  Then  a  final  year  of  post- 
graduate engineering  study,  thirty-one  weeks  of  fifty-five 
hours  each,  adds  1,705  hours.  The  total  is  8,600  hours 
for  the  five  years,  with  an  engineering  degree  at  the  end. 
Between  the  last  two  years  an  interim  of  nineteen  weeks 
almost  invariably  devoted  by  the  students  to  engineering 
practice  more  or  less  remunerative." 

It  must  be  understood  that  the  calendar  is  different  from 
the  usual  one.  The  session-year  for  the  first-year  engineering 
students  (equals  fourth-year  in  sequence)  begins  about  the 
middle  of  July ;  the  work  for  thirteen  weeks  is  exclusively  in 
surveying  with  an  instructor  for  each  group  or  section  of  five 
or  six  men.  No  smoking  is  allowed  during  any  exercise, 
indoors  or  out-of-doors.  Note-books  are  carefully  supervised, 
and  checked  results  required  from  each  individual.  In  short 
the  sense  of  personal  responsibility-  is  developed  in  good  de- 
gree.    The  fifth-year  men  do  not  report  until  the  middle  of 
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September;  the  school  year  ends  for  all  with  the  last  week  in 
April. 

The  men  are  picked  by  requiring  a  proficiency^  in  eighteen 
subjects,  indicated  by  an  average  mark  of  75  per  cent.  But 
the  man  is  also  required  to  make  a  mark  of  85  per  cent,  in  at 
least  three  subjects  and  not  to  fall  below  60  per  cent,  in  any 
one.  This  purely  mechanical  standard  is  not  entirely  satis- 
factory, but  it  at  once  excludes  a  lot  of  the  unfit.  Although 
the  entire  college  record  (three  years)  of  each  man  is  available 
for  close  scrutiny  we  impartially  give  to  all  an  examination 
which  is  both  written  and  oral. 

The  entire  separation  of  engineering  courses  for  the  last  two 
years  secures  some  advantages,  among  which  are : 

(a)  Continuity. — Each  subject  is  pursued  to  the  end  with- 
out a  break;  not  sandwiched  in  between  others. 

(&)  Only  two  subjects,  as  a  rule,  are  taken  collaterally. 
This  promotes  coyicentration  of  attention  or  intensity  of 
endeavor.  To  facilitate  (a)  and  (&),  the  unit  period  is  a  half 
day.  Under  the  local  conditions  of  dormitory  life  and  absence 
of  the  distractions  of  a  city,  the  two  engineering  classes  spend 
a  considerable  part  of  each  day  in  the  building  working  under 
the  oversight  of  the  teaching  force. 

(c)  The  studies  of  the  first  year  in  civil  engineering  are  so 
selected  that  the  capable  student  at  the  end  of  the  fourth  year 
has  a  good  grasp  of  the  working  essentials.  The  irrepressible 
self-reliant  man  with  perhaps  some  previous  experience  and 
the  engineering  instinct,  who  is  always  able  to  keep  a  little 
ahead  of  the  others,  gets  a  good  start,  if  he  thinks  he  can  do 
well  enough  with  what  he  has  received.  The  ordinary  man, 
who  perhaps  lacks  any  previous  contact  with  the  work,  may 
be  advised  or  required  to  stay  out  a  year  to  prove  his  adapt- 
ability to  engineering  as  a  career.  None  are  urged  to  return 
for  graduate  work;  as  a  matter  of  fact  more  than  half  do 
return,  and  some  after  having  been  engaged  in  practice  one, 
two  and  three  years. 

The  aim  in  view  must  determine  our  attitude  toward  the 
five  or  six-year  course.     If  we  wish  to  turn  out  men  capable 
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of  being  only  surveyors,  draftsmen,  machinists  and  elec- 
tricians, it  is  idle  to  talk  about  a  five-year  course ;  a  four  or  a 
three-year  course  may  suffice.  But  if  we  want  to  realize  the 
ideal  of  an  engineer  as  a  man  capable  of  designing  as  well  as 
directing ;  a  man  who  can  originate,  create ;  who  '  *  knows  how ' ' 
to  meet  unexpected  emergencies;  who  has  enough  command 
of  his  own  language  to  persuade  his  fellow  men.  by  judicious 
writing  or  speech;  one  not  content  to  be  merely  the  ''hired 
man"  of  capitalists.  lawA'ers  and  politicians,  but  a  competent 
counsellor,  capable  of  filling  a  receivership,  as  well  or  better 
than  one  of  the  legal  fraternity;  then  we  must  take  time  to 
broaden  his  horizon  and  give  him  a  larger  grasp  of  engineer- 
ing and  engineering  business.  We  cannot  guarantee  such 
results;  training  for  leadership  by  program  in  most  cases 
would  probably  prove  a  dismal  failure,  but  we  can  start  a 
man  in  that  direction. 


THE  FIVE-YEAR  COURSES. 

BY  WILLIAM  T.  MAGEUDEE, 
Professor  of  Mechanical  EngineeriBg,   Ohio   State   University. 

At  the  meeting  of  this  Society  at  Niagara  Falls  in  1903,  a 
joint  session  was  held  with  the  American  Institute  of  Elec- 
trical Engineers.  The  practicing  engineers,  by  their  papers 
and  discussions,  required  so  much  of  the  engineering  colleges 
in  the  way  of  subjects  covered,  that  it  seemed  to  the  teaching 
engineers  who  were  present  as  though  it  would  be  impossible 
to  meet  these  requirements  in  the  usual  four-year  course. 
After  the  session,  the  writer  had  the  temerity  to  suggest  to 
a  prominent  member  of  this  Society  that  it  might  be  well  to 
extend  the  courses  to  five  years.  His  reply  was,  "Young  man, 
if  you  want  to  lose  your  job,  just  suggest  a  five-year  course 
at  your  university."  He  may  have  been  correct  in  his 
opinion  at  that  time;  but  if  such  a  statement  should  be  made 
to-day,  it  would  hardly  be  taken  seriously  by  anyone  ac- 
quainted with  university  conditions. 

The  term  "  five-year  course  "  can  be  properly  applied  to 
any  curriculum,  or  course  of  study,  which  is  scheduled  to 
require  five  years  for  completion.  Of  such,  at  least  four  are 
known. 

1.  The  oldest  is  the  four-year  undergraduate  curriculum 
followed  by  a  year  of  post-graduate  study.  In  many  cases, 
the  year  of  post-graduate  study  was  spread  over  two  years  so 
as  to  permit  the  student  to  earn  an  income  as  a  teaching 
fellow  or  assistant.  The  work  done  in  the  fifth  year  was 
usually  strictly  professional,  rather  than  either  cultural  or 
broadening  in  its  character.  The  degree  given  was  either  the 
master's  degree  or  a  professional  degree.  Statistics  will  show 
that  less  than  three  per  cent,  of  the  students  in  the  different 
institutions  who  finished  the  four-year  curriculum  returned 
to  take  the  fifth  year. 
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2.  In  many  of  the  engineering  colleges,  and  especially  those 
of  the  Middle  "West,  there  are  many  young  men  who,  having 
worked  at  a  trade  or  other  vocation  and  accumulated  a  few 
hundred  dollars,  are  extremely  ambitious  to  get  a  technical 
education  and  to  make  the  most  of  themselves  in  this  world. 
Not  infrequently,  their  savings  are  expended  before  the 
course  is  finished,  and  they  either  drop  out  for  a  year  or  two, 
or  get  a  position  which  will  permit  them  to  continue  their 
studies  for  part  time.  It  has  been  suggested,  possibly  by 
others  as  well  as  the  writer,  that  if  the  regular  four-year 
course  of  study  could  be  spread  out  over  five  years,  and  the 
schedule  arranged  so  that  students  could  have  their  class- 
room and  laboratory  work  come  at  consecutive  hours,  so  as  to 
economize  their  time  and  permit  them  to  devote  a  half-day 
at  a  time  to  money-earning  occupations,  more  students  would 
complete  the  course  and  fewer  drop  out  for  lack  of  adequate 
financial  means.  "VThen  a  mature,  ambitious,  and  hard-work- 
ing American  student  makes  up  his  mind  to  get  an  education, 
it  is  the  part  of  wisdom,  as  well  as  of  kindness,  to  help  him 
on  and  assist  him  in  his  good  endeavors  rather  than  to  hinder 
him  with  technicalities  and  formalities.  Many  of  our  most 
successful  practising  and  teaching  engineers  received  their 
early  training  in  the  school  of  self-denial  and  small  means, 
and  did  not  belong  to  that  unfortunate  class  of  students  who 
are  cursed  with  wealth. 

3.  In  many  of  the  engineering  colleges,  the  established  pace 
proves  to  be  too  swift  for  a  number  of  students  who  are 
usually  accounted  as  being  slow.  This  may  not  be  the  proper 
time  and  place  to  make  an  apologj'  for  the  so-called  slow  man. 
The  world  has  been  using  him  for  a  great  many  centuries  and 
will  probably  have  to  continue  to  do  so.  Successful  race 
horses  are  the  exception,  not  the  rule,  even  when  bred  for 
speed.  The  world  has  always  found  use  for  good,  reliable  and 
safe  horses;  while  powerful  draft  horses  which  were  sure- 
footed, and  capable  of  carrying  large  burdens,  have  always 
been  in  demand.  In  the  engineering  world,  every  man  can- 
not be  a  foreman,  superintendent,  or  head  professor.     "What 
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the  slow  man  gets,  he  usually  retains  with  great  fixity,  and, 
as  a  result,  he  can  be  depended  upon.  If  therefore,  the  regu- 
lar four-year  curriculum  and  the  schedule  of  classes  and 
laboratory  exercises  could  be  spread  out  over  five  years  for 
him,  in  a  way  similar  to  that  best  suited  for  the  student  who 
has  to  earn  his  income  as  he  spends  it,  more  students  would 
be  graduated  and  the  world  would  be  better  off  on  account  of 
having  a  larger  number  of  well-trained,  steady-going,  and 
reliable  men  on  whom  to  draw.  If  a  student  is  only  slow,  and 
neither  lazy  nor  stupid,  he  will,  as  a  rule,  well  repay  the 
thought,  guidance,  and  efforts  of  his  professors  and  adviser. 

4.  For  many  years  it  has  been  felt  that  the  present  curri- 
culums  of  our  engineering  colleges  were  too  specialized  and 
that  they  needed  to  be  broadened,  and  that  we  were  turning 
out  a  fairly  efficient  engineering  product,  but  one  not  adapted 
to  a  variety  of  conditions.  Efforts  to  broaden  the  course  of 
stud}^  and  to  inject  more  culture  into  it  have  been  met  by 
indifference,  and  even  by  opposition,  from  the  conservative 
professor  of  the  academic  college.  So  far  as  known,  Harvard 
University  is  the  only  institution  which  requires  a  bachelor's 
degree  from  an  acceptable  institution  as  a  requirement  for 
admission  to  its  regular  course  of  engineering  study.  At 
most  colleges  and  universities,  it  is  thought  that  seven  years 
of  a  man's  life  is  too  much  to  give  to  his  collegiate  training  in 
engineering,  and  hence  courses  of  study  covering  the  regular 
course  leading  to  the  degree  of  bachelor  of  arts  and  supple- 
mented by  one  of  the  regular  engineering  courses,  and  requir- 
ing from  five  to  six  years  for  completion,  are  now  being 
offered  in  a  dozen  or  more  of  our  universities. 

It  fell  to  the  lot  of  the  writer  to  be  appointed  chairman  of 
a  committee  of  the  university  faculty  of  the  Ohio  State  Uni- 
versity charged  with  the  duty  of  investigating  the  question 
of  combined  courses  of  study  leading  to  two  degrees.  It  is 
thought  that  some  of  the  information  obtained  may  be  possi- 
bly worthy  of  recording  by  this  Society. 

Opinions  on  this  subject  were  obtained  from  the  presidents 
of  some  twenty-one  institutions,  either  in  the  form  of  per- 
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sonal  replies  in  answer  to  a  set  of  eight  questions,  or  of  re- 
ports on  the  subject  made  to  their  faculties  or  to  their  boards 
of  trustees,  the  personal  replies  from  twenty-eight  deans  to 
the  same  list  of  questions,  and  the  statements  in  the  cata- 
logues of  about  twenty-five  institutions,  together  with  papers 
dealing  with  this  subject,  which  have  been  presented  to  edu- 
cational associations.  This  large  collection  of  evidence  and 
opinions  was  codified  by  questions,  or  by  subject  matter. 
The  excerpts  made  therefrom  formed  a  report  to  the  com- 
mittee of  some  one  hundred  and  fifty  pages  of  type-written 
matter.  From  this  report  the  following  conclusions  can  be 
properly  drawn. 

There  is  an  increasing  demand  for  an  education  broader 
than  that  of  the  usual  so-called  professional  curriculum  in 
engineering,  and  yet  more  specific  than  that  offered  by  the 
usual  academic  curriculum.  This  demand  is  being  met  by  stu- 
dents taking  either  a  combined  curriculum  leading  to  two 
degrees,  or  by  taking  two  curriculums  one  after  the  other. 
That  where  publicly  offered  and  scheduled,  or  when  openly 
advocated  and  urged  by  the  leading  members  of  the  faculty 
of  the  professional  curriculum,  such  combined  curriculums 
leading  to  two  degrees  are  of  increasing  popularity.  That 
the  longest  time  required  for  the  combined  courses  of  study 
is  at  Harvard,  where  it  is  seven  years  for  Arts  and  Engineer- 
ing. One  institution  confers  a  bachelor's  degree  at  the  end 
of  the  third  year  and  a  master's  degree  at  the  end  of  the 
fourth  year.  This  is  the  only  case  found  of  two  degrees 
being  given  for  a  four-year  course  of  study,  and  was  not  in 
engineering.  It  has  been  found  that"  if  the  first  three  years 
of  the  combined  curriculums  are  taken  in  the  academic 
college,  the  work  of  the  engineering  college  can  be  completed 
in  three  additional  years,  or  in  a  total  of  five  years  including 
work  in  the  summer  terms.  That  arrangements  have  been 
made  between  different  institutions  in  the  same  state  whereby 
work  at  one  will  count  towards  the  degree  from  the  other. 
That  to  complete  the  work  required  for  the  two  degrees  in 
six  years,  or  in  five  years  and  summer  terms,  concessions 
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must  be  usually  made  by  one  or  the  other  of  tbe  faculties 
granting  the  degrees,  and  usually  by  the  faculty  of  arts  and 
sciences,  as  it  is  recognized  that  the  professional  work  cannot 
be  so  easily  curtailed  in  amount  and  must  be  more  definite 
and  specific.  That  combined  curriculums  could  be  more 
frequently  taken  if  the  students  knew  their  minds  and  could 
map  out  their  curriculums  beforehand,  and  if  the  professors 
in  mathematics,  languages,  drawing  and  the  sciences  knew 
in  detail  the  kind  and  character  of  instruction  which  was 
desired  for  the  student  by  the  faculty  of  the  college  offering 
the  professional  curriculum.  That  students  migrating  with 
advanced  standing  from  one  institution  to  another  are 
frequently  handicapped  in  getting  credits  which  they  might 
have  obtained  if  their  work  had  been  chosen  more  carefully 
and  to  meet  the  requirements  of  the  professional  curriculums. 
That  the  faculties  of  the  institutions  whence  these  students 
come  would  be  better  pleased  if  migration  could  be  deferred 
untn  the  end  of  the  third  year:  and  the  students  would  be 
more  likely  to  stay  through  the  third  year  if  it  were  known 
that  the  degree  in  arts  and  science  would  be  awarded  by  the 
first  institution  on  the  satisfactory  completion  of  the  first 
year  of  the  professional  curriculum  elsewhere.  That  an  in- 
crease in  the  number  of  undergraduates  in  engineering  who 
had  been  trained  in  arts  and  science  would  improve  the 
average  of  the  upper  classes  of  our  professional  curriculums, 
would  tend  to  raise  the  standards  of  scholarship,  would  tend 
to  make  the  professional  curriculums  less  technical  and  indus- 
trial, and  would  set  the  example  to  the  students  of  taking 
more  cultural  work  before  beginning  the  professional  course 
of  study.  As  a  result  of  this,  the  various  institutions  would 
come  into  closer  relation,  would  understand  and  appreciate 
the  better  each  other's  aims  and  standards  of  work,  and  a 
more  kindly  feeling  would  be  engendered  among  the  under- 
graduates. The  existence  of  a  body  of  alumni  having 
degrees  from  two  institutions  would  tend  to  keep  down  ani- 
mosities and  jealousies,  ill-will  and  bad  feeling. 

It  is  quite  possible  that  certain  of  our  engineering  colleges 
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may  not  be  able  to  get  the  sympathetic  cooperation  of  the 
academic  colleges  in  their  desire  to  inject  more  culture  into 
the  present  engineering  curriculums.  In  this  case,  it  may 
be  necessary  for  the  college  of  engineering  to  offer  courses 
in  the  desired  culture  subjects  as  part  of  the  regular  under- 
graduate curriculum  in  engineering  which  will  then  have  to 
be  of  five  years'  duration. 


THE    LENGTH    OF    AN    ENGINEERING    COURSE. 

BY  CHAELES  DEKLETH,  Je., 

Professor  of  Civil  Engineering,  Dean  of  the  College  of  Civil  Engineering, 
University  of  California. 

At  the  University  of  California  the  engineering  faculties 
have  been  studying  this  question  earnestly  for  at  least  three 
years.  During  the  past  twelve  months  our  academic  council 
instructed  its  committee  on  engineering  curricula  to  give  the 
subject  special  attention  and  a  report  was  presented  in  April, 
1908.  The  question  of  lengthening  the  period  of  engineering 
training  is  a  subject  of  keen  interest.  Representatives  of  our 
leading  institutions  have  been  expressing  themselves  frankly 
about  it.  Such  statements  as  President  Schurman's  in  his 
presidential  report  to  the  board  of  trustees  of  Cornell  Uni- 
versity for  1906-7,  pp.  52-59,  are  not  merely  expressions  of 
individual  views.  The  idea  is  in  the  atmosphere.  Everyone 
intimately  connected  with  the  problems  of  engineering  educa- 
tion is  thinking  of  the  subject. 

The  University  of  California  is  the  keystone  of  our  state 
public  school  system  and  for  many  years  has  cooperated  with 
the  schools  in  shaping  and  developing  the  courses  ol  high 
school  instruction.  Our  matriculation  entrance  requirements 
have  greatly  influenced  the  subjects  offered  in  the  schools, 
particularly  the  high  schools.  ^Ve  find,  however,  that  it  would 
be  unwise  for  the  university  to  insist  upon  a  rigid  or  specific 
entrance  requirement  even  if  it  had  the  power.  Our  high 
schools  exist  primarily  for  the  instruction  of  that  larger  body 
of  students  who  do  not  avail  themselves  of  the  opportunities 
of  a  university  course.  It  must  be  admitted  that  an  impor- 
tant, if  not  the  most  important,  function  of  the  high  school 
is  to  train  men  and  women  for  the  ordinary''  pursuits  of  life. 
It  is  only  the  minoritj^  of  high  school  graduates  who  apply  for 
admission  to  the  university.     It  has  become  very  apparent 
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that  an  adjustment  should  be  made;  that  our  entrance  re- 
quirements for  the  several  colleges  should  not  be  too  rigid, 
but  give  some  leeway  so  that  students  would  not  be  too 
severely  handicapped,  if  at  the  last  moment  in  their  high 
school  course  they  decided  to  go  to  the  university,  or  if  in  the 
last  year  they  concluded  to  enter  a  different  department 
from  that  at  first  considered;  an  engineering  school,  for  ex- 
ample, instead  of  the  college  of  letters.  Moreover  it  would 
be  unjust  for  the  university  to  insist  upon  so  rigid  a  system 
of  entrance  requirements  that  the  high  school,  in  order  to 
prepare  the  minority  of  students  for  entrance  to  the  univer- 
sity, would  be  forced  to  shape  their  four-year  course  for  these 
students  entirely  at  the  expense  of  a  program  best  fitted  to 
the  needs  of  the  larger  majority  of  high  school  students  who 
never  intend  to  enter  the  university. 

During  the  academic  year  just  ended,  a  committee  of  our 
faculties  has  been  at  work  on  the  problem  of  our  entrance 
requirements.  The  committee  was  appointed  in  May,  1907, 
to  consider  the  requirements  for  what  we  term  the  "  junior 
certificate  "  and  to  present  a  plan  for  the  unification  of  uni- 
versity instruction.  The  plan  outlined  adapts  itself  quite 
readily  to  our  so-called  culture  departments;  namely,  the 
colleges  of  letters,  social  sciences,  natural  sciences  and  com- 
merce. The  report  of  the  committee  proposes  a  uniform 
system  of  entrance  requirements  for  all  these  colleges  instead 
of  the  separate  lists  of  requirements  which  heretofore  have 
been  in  force. 

Upon  entrance  to  the  university  the  student  continues  his 
studies  for  two  years,  at  the  end  of  which  time  he  receives  the 
junior  certificate,  provided  he  has  completed  109  units  (in- 
cluding entrance).     Of  these  one  third  are  elective. 

These  requirements  allow  of  considerable  elasticity,  so 
that  a  student  is  not  forced  to  determine  completely  upon 
his  later  university  program  while  still  engrossed  with  his 
earlier  high  school  studies.  The  system  furthermore  gives 
considerable  opportunity  for  transfer  from  one  college  to 
another.    In  our  culture  colleges  the  junior  certificate  marks 
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the  separation  between  "lower"  and  ''upper  division" 
work.  A  student  must  obtain  the  junior  certificate  before 
beginning  his  upper  division  studies.  The  upper  division 
concerns  what  is  commonly  called  the  junior  and  senior 
years.  A  student  must  be  in  residence  at  the  university  at 
least  two  years  after  receiving  the  junior  certificate  before  a 
bachelor  degree  is  granted.  The  lower  division  years  of  the 
university,  that  is  the  freshman  and  sophomore  years,  are 
looked  upon  as  the  final  years  of  a  six-year  high  school  course. 
TVe  sometimes  speak  of  these  two  years  as  comparable  to 
college  work  in  distinction  to  upper  division  or  university 
courses.  The  requirement  of  the  junior  certificate  and  the 
uniform  plan  for  matriculation  are  intended  to  produce  a 
sequence  and  inter-relation  of  studies  for  a  period  of  six  years 
beginning  with  the  student's  graduation  from  the  grammar 
school.  The  advocates  of  this  plan  believe  that  with  proper 
cooperation  between  the  high  schools  and  the  university-  (with 
wholesome  advice  from  our  university  study  lists  committees) 
students  will  not  be  obliged  to  determine  in  the  first  or  second 
year  of  the  high  school  which  coui*se  or  college  they  intend  to 
enter  at  the  university,  leaving  the  freedom  of  choice  to  later 
years. 

I  have  referred  in  some  detail  to  this  report  of  our  com- 
mittee on  junior  certificate  because  some  members  of  the 
committee  seriously  proposed  the  direct  application  of  the 
scheme  to  the  colleges  of  engineering,  in  order  that  a  uniform 
scheme  of  instruction  might  obtain  throughout  the  whole 
university.  ^Moreover,  it  was  intended  to  make  thereby  possi- 
ble such  a  freedom  in  the  so-called  six-year  high  school  course 
that  a  student  might  transfer  without  serious  loss  of  time 
from  a  coui-se  proposing  to  graduate  him  from  the  colleges 
of  letters  or  social  sciences  to  a  course  in  one  of  the  engineer- 
ing colleges,  or  vice  versa.  The  committee  further  wished  to 
introduce  into  the  curricula  of  the  engineering  colleges  a 
minimum  amount  of  cultural  subjects  such  as  English, 
foreign  languages,  history  and  economics,  so  that  our  engi- 
neering students  in  receiving  the  junior  certificate  at  the  end 


LENGTH   OF   AN   ENGINEERING   COURSE.  137 

of  the  first  two  years  of  the  university  course  might  have  a 
training  reasonably  comparable  to  that  enjoyed  in  the  so- 
called  culture  colleges. 

In  these  deliberations  many  obstacles  were  met  by  the 
junior  certificate  committee.  It  became  clear  that  a  solution 
of  the  difficulties  could  not  be  obtained  with  a  four-year 
engineering  course.  As  a  compromise  the  committee  reported 
to  the  academic  council  that  the  four-year  engineering  courses 
as  then  existing  (April,  1908)  be  continued  with  slight  modi- 
fications and  that  an  alternative  five-year  course  be  offered, 
adapted  to  the  uniform  matriculation  requirements,  and  in- 
volving the  principle  of  the  junior  certificate  with  a  require- 
ment of  at  least  eighteen  units  of  cultural  subjects  in  the  first 
two  years  of  the  course. 

According  to  the  plan  proposed  by  the  junior  certificate 
committee  it  would  be  possible  for  a  student  to  enter  the  uni- 
versity with  a  much  weaker  matriculation  requirement  than 
formerly.  A  student  might  enter  the  first  year  at  the  uni- 
versity lacking  credit,  for  example,  in  chemistry  or  physics, 
in  free-hand  or  mechanical  drawing,  or  in  the  later  mathe- 
matics. The  committee  argued  however  that  the  elective 
system  in  the  first  two  years  would  enable  the  student  to 
satisfy  these  deficiencies;  but  it  is  clear  that  the  student 
could  only  make  such  satisfaction  at  the  expense  of  the  uni- 
versity mathematics  (particularly  calculus)  and  advanced 
subjects  in  chemistry  and  physics  usually  found  in  the  fresh- 
man, and  particularly  the  sophomore  years  of  an  engineering 
course.  Inevitably,  as  already  stated,  such  students  would 
be  required  to  remain  at  least  five  years  at  the  university, 
particularly  when  it  is  contemplated  that  in  addition  the 
student  must  complete  at  least  eighteen  units  in  advanced 
English,  foreign  languages,  and  history  or  economics. 

That  such  a  system  of  instruction  has  its  advantages  no  one 
can  deny  but  the  technical  instructor  realizes  the  great  value 
of  the  student's  time  and  appreciates  the  seriousness  of  the 
situation  where  a  student  enters  his  profession  at  too  late  a 
period  in  life.     I  believe  that  at  least  one  year  of  the  student's 
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time  is  lost  or  wasted  in  the  grade  schools  and  high  schools. 
One  of  the  serious  problems  which  must  be  considered  now 
in  this  country  is  the  improvement  and  compression  of  our 
grade  school  and  high  school  courses  so  that  either  the  student 
may  be  graduated  one  year  earlier  or  be  graduated  at  the 
present  average  age  having,  by  more  intensified  study,  com- 
pleted a  larger  and  more  inclusive  number  of  subjects.  The 
entrance  requirements  to  an  engineering  school  must  be  rela- 
tively rigid.  Mathematics,  physics,  chemistry  and  drawing 
must  be  represented.  It  would  be  a  mistake,  at  the  Univer- 
sity of  California,  to  encourage  the  introduction  of  a  loose 
matriculation  requirement  containing  a  large  election  simply 
to  unify  the  requirements  for  all  the  colleges. 

Our  strongest  students  should  be  allowed  the  opportunity 
of  graduation  in  four  years  provided  they  complete  a  heavy 
course,  including  a  relatively  large  number  of  units  per  term ; 
for  example,  seventeen  or  eighteen  units  per  half-year  (where 
a  unit  represents  either  a  one-hour  lecture  period  or  a  three- 
hour  laboratory  period  per  week  for  one  half  year).  Engi- 
neering subjects,  when  treated  in  a  broad  way,  have  a  dis- 
tinctly cultural  value.  By  their  work  engineering  instruc- 
tors must  prove  this  principle,  maintain  its  effect,  and  estab- 
lish its  truth.  ^loreover.  they  must  go  out  of  their  way  to 
convince  their  brethren  in  other  or  humanitarian  departments 
of  university  instruction.  Certainly  it  is  to  be  desired  that 
a  student  in  engineering  take  courses  in  culture  subjects,  but 
the  question  at  issue  is  one  of  expediency.  Is  it  better  for  the 
average  student  to  consume  an  additional  year  in  culture 
work,  or  is  it  better  for  him  to  pursue  a  four-year  course, 
developed  in  a  broad  and  cultural  way,  despite  the  fact  that 
the  subjects  are  mainly  technical,  thereby  giving  opportunity 
to  use  the  fifth  year  in  the  beginning  of  his  practical  work  in 
engineering  ? 

In  many  respects  the  engineering  profession  differs  in  its 
university  training  from  that  of  other  professions.  For  the 
profession  of  teaching  or  of  astronomy,  for  instance,  it  is 
right  to  expect  that  most  of  the  student's  work  shall  be  done 
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at  the  university.  Advanced  work  in  engineering  can  best 
be  done  in  practice.  Except  for  the  few,  the  student's  gradu- 
ate laboratory-  in  engineering  is  outside  of  the  university. 
It  is  a  question  whether  an  engineering  course  should  be  ex- 
tended from  four  to  five  years  either  to  introduce  cultural 
subjects  on  the  one  hand,  or  advanced  technical  subjects  on 
the  other. 

In  the  light  of  the  proposals  of  the  California  committee  on 
junior  certificate,  our  more  specialized  committee  on  engineer- 
ing curricula  presented  last  May  to  the  academic  council 
alternative  four  and  five-year  courses  in  engineering.  These 
were  approved  by  the  council  and  went  into  effect  in  August. 
1908.  It  remains  for  experience  to  determine  the  effect  of 
these  alternatives.  It  is  probable  that  the  majority  of  stu- 
dents will  attempt  the  four-year  course.  It  is  certain  that 
only  the  strongest  students  can  be  graduated  from  it  in  four 
years.  In  either  the  four  or  five-year  course  it  is  practically 
necessary  for  a  student  to  apply  for  admission  with  the  old 
matriculation  requirements.  Should  a  student  apply  with 
more  meagre  requirements,  that  is,  with  less  mathematics, 
science  or  drawing,  he  will  require  more  than  four  years  for 
the  four-year  course  and  more  than  five  years  for  the  alter- 
native course.  Students  attempting  the  four-year  course  and 
failing  to  satisfy  it,  will  naturally  take  four  and  one  half  to 
five  years.  Their  study  lists  committees,  it  is  hoped,  will  en- 
courage such  persons  to  avail  themselves  of  their  opportuni- 
ties to  elect  cultural  work  for  the  hours  left  free  in  their  ex- 
panded schedules. 

Without  definitely  requiring  every  engineering  student  to 
be  in  residence  for  five  years,  we  believe  that  we  have  made 
a  distinct  step  in  advance.  "With  the  existence  of  a  five-year 
course  it  will  no  longer  appear  a  great  hardship  or  stigma  for 
a  student  to  remain  at  the  university  for  five  years.  The 
tendency  will  be  less  acute  for  "conditioned"  men  to  bring 
every  conceivable  pressure  to  bear  to  be  allowed  to  attempt 
graduation  in  four  years  by  an  overloading  of  subjects  in  the 
later  years  of  the  course.     Our  five-vear  alternative  courses 
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distinctly  recognize  the  desirability  of  cultural  work;  they 
request  a  selection  in  the  first  two  years  of  at  least  six  units 
of  English,  six  units  of  foreign  language  and  six  units  of 
history  or  economics :  a  total  of  eighteen  units.  They  demand 
this  selection  if  the  student  desires  to  obtain  the  junior  certi- 
ficate. Both  the  four-  and  five-year  courses  admit  of  con- 
siderable election,  particularly  in  the  later  years. 

Personally  I  believe  the  five-year  course  a  better  one  than 
the  four-year  scheme.  I  should  hail  it  at  our  universit^^  with 
the  greatest  pleasure  if  at  the  same  time  it  became  possible  so 
to  compress  and  intensify"  the  grammar  school  and  high  school 
studies  that  students  would  enter  the  university  at  an  average 
age  of  one  year  younger  than  at  present,  still  offering  our 
matriculation  requirements  as  they  now  exist.  I  hesitate  to 
add  a  year  at  the  top  of  an  engineering  course  for  the  average 
student.  I  do  believe  a  five-year  course  better  than  a  four- 
year  course  and  should  like  to  insist  upon  a  minimum  of.  say 
twenty  units,  of  cultural  subjects.  A  five-year  course  in  the 
university  has  the  further  possibility  and  great  advantage  of 
offering  to  the  student  two  years  of  study  following  the  com- 
pletion of  anah'tic  mechanics.  Calculus  should  be  the  feature 
of  the  second  year's  work  with  analytic  mechanics  and 
strength  of  materials  as  the  dominant  courses  of  the  third 
year.  The  engineering  members  of  our  junior  certificate  com- 
mittee have  attempted  to  impress  this  relationship  upon  their 
fellow  members.  "We  believe  that  the  separation  between 
so-called  upper  and  lower  division  work  in  engineering  comes 
with  that  stage  of  the  student's  studies  where  he  has  just 
completed  the  calculus  and  is  ready  to  begin  the  analytic 
mechanics  and  strength  of  materials  with  their  attendant 
subjects.  Logically  therefore,  at  least  in  the  judgment  of 
our  engineering  instructors,  the  so-called  junior  certificate 
would  come  at  the  close  of  the  third  year  of  the  five-year 
engineering  course  and  not  at  the  end  of  the  second  year. 
This  discrepancy  has  made  it  impossible  to  bring  about,  for 
the  present,  the  complete  unification  of  university  instruction 
which  was  contemplated  by  our  junior  certificate  committee. 
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Whatever  the  outcome  of  our  new  alternative  curricula  it 
is  clear  that  our  best  students  will  require  but  four  years  of 
residence.  We  confidently  believe  that  we  can  leave  to  them 
the  question  of  cultural  training.  The  stronger  engineering 
students  will  get  that  training  from  broad  engineering 
courses  as  well  as  from  strictly  humanitarian  subjects.  They 
will  continue  to  be  students  after  they  leave  college.  Our 
weaker  students  will  be  required  to  attend  the  university 
five  years,  whether  they  begin  with  the  four  or  the  five-j'ear 
course.  Some  of  our  strong  students  will  stay  five  years  by 
preference.  Perhaps  we  may  soon  find  it  desirable  to  insist 
upon  a  five  years'  residence  as  a  minimum  requirement  for 
all.  "When  that  time  comes  let  us  hope  that  the  intensifica- 
tion and  consequent  increased  efficiency  of  the  grade  and 
high  school  instruction  will  bring  to  us  pupils  of  a  younger 
average  age  so  that  when  our  technical  graduates  leave  the 
university  they  will  not  be  much  older  than  twenty-three 
vears. 


Discussion  on  Five  and  Six- Year  Courses. 

Dean  William  G.  Raymond:  In  connection  with  the  dis- 
cussion of  five  and  six-year  courses  in  engineering,  I  shall 
present,  for  record,  a  statement  of  a  new  course  that  has  been 
established  by  the  College  of  Applied  Science  of  the  State 
University  of  Iowa.  This  course,  which  is  called  a  general 
engineering  course,  has  been  established  to  provide,  first  a 
broad  basis  for  a  five  or  six-year  course  in  engineering; 
second,  a  four-year  college  course  in  engineering  for  young 
men  proposing  to  engage  in  industrial  business,  or,  indeed, 
in  business  of  any  kind.  All  incoming  students  of  engineer- 
ing are  advised  to  take  this  course  if  they  feel  they  can  give 
five  years  to  their  college  work.  The  course  does  not  take 
the  place  of  the  regular  four-year  courses,  in  engineering,  in 
each  of  which  all  the  work  is  prescribed.  These  are  still 
offered  to  those  students  desiring  the  narrower  technical 
training.  The  general  course  is  advised  because  it  furnishes 
a  much  broader  training  for  business,  as  well  as  the  pro- 
fession of  engineering,  because  the  engineer  who  combines 
a  sound  knowledge  of  mechanical  principles  with  a  compre- 
hension of  the  larger  questions  of  business  management, 
makes  the  greatest  financial  success  for  himself,  and  is  of 
the  greatest  good  in  the  community. 

The  freshman  year  in  engineering  is  alike  for  all  students. 
There  are  slight  differences  in  the  sophomore  year  among  the 
courses  arranged  for  civil,  mechanical,  electrical,  mining  and 
chemical  engineering  students,  and  somewhat  greater  differ- 
ence in  the  junior  and  senior  years.  In  the  general  engi- 
neering course,  the  first  year  includes  the  regular  prescribed 
work  for  all  engineering  students;  the  second  year,  the  work 
prescribed  in  some  one  of  the  several  branches  of  engineering ; 
and  in  the  third  and  fourth  years  thirty-four  credits  out  of 
seventy-two,  are  prescribed.  A  reading  knowledge  of  one 
foreign  language  is  also  required.     The  remaining  credits, 
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numbering  from  ten  to  twenty-eight,  according  to  the  lan- 
guage requirement,  are  electives,  to  be  chosen  from  courses 
given  in  the  College  of  Liberal  Arts,  the  College  of  Law,  or 
the  College  of  Applied  Science,  with  preference  given  to 
courses  in  economics  and  law. 

The  credits  that  are  required  to  be  earned  in  the  College 
of  Applied  Science  during  these  last  two  years,  are  thirty, 
five  each  in  theoretical  mechanics,  materials  of  engineering, 
hydraulics,  stresses  in  structures  and  machines,  steam  engi- 
neering, and  electrical  engineering.  Courses  in  physics, 
chemistry,  descriptive  geometry,  drawing,  shopwork,  survey- 
ing, mineralogy,  geology  and  so  forth,  are  included  in  the 
first  two  years.  At  least  ten  credits  in  English  are  required 
before  graduation.  The  degree  offered  upon  the  completion 
of  the  general  engineering  course  is  bachelor  of  science;  the 
degree  offered  upon  the  completion  of  one  of  the  four-year 
engineering  courses  is  bachelor  of  engineering.  The  degree 
to  be  given  to  the  student  who  completes  a  five  or  six-year 
course,  with  this  general  course  as  a  basis,  is  not  yet 
determined. 

It  is  believed  that  this  plan  of  carrying  regular  four-year 
engineering  courses,  and  this  somewhat  broader  course,  which 
shall  serve  as  a  basis  for  a  five  or  a  six-year  course,  is,  for 
the  present,  a  better  plan  than  would  be  the  adoption  of 
regular  five  or  six-year  courses  for  all  engineering  students. 
It  has  one  characteristic  that  may  be  considered  a  disadvan- 
tage, or  an  advantage,  according  to  the  viewpoint,  namely, 
that  a  student  may,  by  choosing  possible  electives,  secure  all 
of  the  training  that  is  given  in  some  one  branch  of  engineer- 
ing, in  which  he  may  thereafter  specialize.  This  is  perhaps 
not  a  disadvantage  if,  to  secure  this  training,  he  does  not 
sacrifice  language,  economics  and  law,  and  yet  it  is  a  question 
whether  or  not  it  is  a  disadvantage  for  any  student  to  special- 
ize in  any  one  branch  of  engineering  work  in  an  under- 
graduate course.  While  a  man  must,  in  the  course  of  time, 
become  a  specialist  in  some  one  line,  it  is  true  in  engineering, 
as  in  medicine,  that  he  is  the  best  specialist  who  has  a  knowl- 
edge of  the  entire  field. 
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The  main  question  in  education  is  not  one  of  years,  but 
rather  of  the  men  we  are  teaching.  "We  are  not  manufac- 
turers; we  do  not  make  engineers.  They  are  bom.  anyvray. 
We  do  not  make  character.  "We  are  more  like  gardeners.  "We 
put  the  soil  around  the  plant  and  if  the  latter  is  a  weed,  it 
will  grow  luxuriantly  and  become  worse,  perhaps,  than  if  we 
had  let  it  alone.  If  it  is  a  good  plant,  it  will  improve  by  the 
training.  In  the  School  of  Applied  Science  of  the  State 
University  of  Iowa,  we  have  one  man  whose  experience  makes 
us  question  the  wisdom  of  the  experiment.  That  man  has 
succeeded  in  graduating  at  the  head  of  his  class  in  three 
years,  completing  all  of  his  work.  Further,  he  won  a  prize 
of  one  hundred  doUars  for  the  best  undergraduate  thesis. 
He  supported  himself  during  school  and  was  married  during 
last  year.  He  has  fallen  into  a  twelve  hundred  doUar  posi- 
tion at  the  start  and  is  at  present  the  best  assistant  his 
employer  has  had  for  years. 

Professor  Xorris:  The  faculty'  of  Sibley  College,  at  the 
suggestion  of  President  Schurman,  has  been  making  a  study 
of  the  five-year  course.  As  a  result  a  new  five-year  course 
is  just  about  to  go  into  operation.  A  student,  if  he  desires, 
may  enter  the  College  of  Arts  and  Sciences,  with  Sibley  Col- 
lege in  view.  "While  he  enters  the  College  of  Arts  and  Sci- 
ences as  a  regular  student,  he  does  so  with  the  privilege  of 
electing  certain  specific  studies  which  will  later  assist  him 
in  the  study  of  engineering.  For  the  first  two  years,  he  is 
under  the  jurisdiction  of  the  College  of  Arts  and  Sciences 
and  Sibley  College  has  nothing  to  do  with  him  except  to  give 
him  instruction  as  prescribed  by  his  faculty.  At  the  end  of 
this  time,  he  enters  Sibley  College  if  he  wishes  to,  or  continues 
in  the  College  of  Arts  and  Sciences,  in  the  latter  case  taking 
the  A.B.  degree  at  the  end  of  the  four  years.  If  he  enters 
the  College  of  Arts  and  Sciences,  with  Sibley  College  in  view, 
and  after  two  years  transfers  to  Sibley  College,  he  receives 
the  degree  of  M.E.  from  Sibley  College  five  years  after  ma- 
triculation. He  takes  a  special  course  which  more  and  more 
closely  approximates  the  regular  course,  until  in  his  fourth 
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year  (the  third  year  of  the  regular  students)  when  he  and  the 
regrular  students  are  again  together  and  graduate  together. 
The  purposes  of  this  plan  are  several.  First,  if  the  course 
becomes  popular,  there  will  be  a  relief  of  the  pressure  upon 
the  high  schools.  The  high  schools  of  the  state  will  lose  some 
students,  but  they  will  be  able  to  attend  to  their  natural 
functions  as  high  schools  rather  than  as  preparatory  schools. 
Second,  a  student  may  enter  the  university  a  year  younger, 
and  take  in  the  university  certain  mathematical  and  scien- 
tific studies,  which  can  be  taught  better  by  the  university 
than  by  the  high  school.  Third,  there  is  an  opportunity  for 
liberal  culture  which  is  largest  at  the  beginning  of  the  course. 
This  is  the  time  when  such  studies  can  be  best  appreciated. 

De-vx  Cooley:  At  Michigan  we  inaugurated  last  year  a 
new  extended  course,  the  "six-year  course."  This  is  in  addi- 
tion to  the  old  four-year  course  which  leads  to  the  degree  of 
bachelor  of  science  in  civil  engineering,  mechanical  engineer- 
ing, etc.  In  this  new  course,  at  the  end  of  four  years,  the 
student  receives  the  degree  of  bachelor  of  science  in  prepara- 
tion for  engineering.  And  at  the  end  of  five  years,  he  re- 
ceives the  degree  of  bachelor  of  civil  engineering,  mechanical 
or  electrical  engineering,  and  at  the  end  of  six  years,  the 
degree  of  master  of  civil,  mechanical  engineering,  etc.  "We 
thus  have  four  courses  which  lead  to  four  distinct  degrees  in 
the  ordinary-  branches  of  civil,  mechanical,  electrical,  chemical 
and  mining  engineering. 

^ly  impression  is  that  there  are  from  twelve  to  twenty  men 
already  registered  in  the  six-year  courses.  These  are  taking 
the  course  leading  first  to  the  degree  of  bachelor  of  science  in 
preparation  for  engineering.  "We  look  forward  to  the  gradual 
disappearance  of  the  old  four-year  course,  and  the  general 
adoption  by  the  students  of  the  broader  six-year  course.  The 
differentiation  lies  in  the  addition  of  culture  studies  to  the 
early  part  of  the  curriculum. 

In  November,  1909,  the  regents  of  the  University  of  Michi- 
gan changed  the  degrees  in  the  department  of  engineering 
as  follows : 
10 


146  THE    FIVE    AXD     SIX-TEAE     COUESES. 

On  completion  of  the  old  four-year  course,  the  degree  of 
bachelor  of  civil  engineering,  mechanical  engineering,  etc. 

On  completion  of  four  years  of  work  in  the  six-year  course, 
bachelor  of  science  in  civil  engineering,  in  mechanical  engi- 
neering, etc. 

On  completion  of  five  years  vork  in  the  six-year  course 
master  of  science  in  civil  engineering,  mechanical  engineer- 
ing, etc. 

On  completion  of  six  years  of  work  in  the  six-year  course, 
master  of  civil  engineering,  of  mechanical  engineering,  etc. 

This  order  is  considered  more  logical  in  that  the  degrees 
conferred  on  completeion  of  the  old  four-year  course  and  on 
completion  of  the  six-year  course  are  more  technical  than 
those  conferred  at  the  end  of  the  fourth  and  fifth  year  of  the 
six-year  course. 

Professor  Crakdall:  I  wish  to  supplement  somewhat  the 
remarks  made  by  Professor  Xorris,  by  stating  that  the  five- 
year  course  in  civil  engineering  in  Cornell  University"  is  simi- 
lar to  that  of  mechanical  engineering  in  so  far  as  the  general 
requirements  are  concerned.  The  entrance  requirements  are 
really  advanced  rather  than  lowered;  that  is,  the  total  prep- 
aration for  them.  The  difference  being  that  specific  subjects 
are  not  required.  The  present  four-year  courses,  both  civil 
and  mechanical,  require  advanced  mathematics.  "We  have 
always  a  number  of  students  applj^ng  for  admission  poorly 
prepared  in  these  subjects.  By  taking  the  five-year  course 
these  students  can  take  advanced  mathematics  in  the  univer- 
sity. "We  hope  thus  to  get  better  preparation  in  advanced 
algebra  and  trigonometry",  and  to  get  time  for  culture  studies 
in  addition. 

Professor  Hibbard  :  In  the  University  of  JNIissouri,  we  have 
taken  a  step  more  radical  than  any  thus  far  mentioned.  "We 
are  not  going  to  wait  to  see  whether  a  five-year  course  will 
be  popular  or  not,  but  beginning  with  September,  1911,  we 
shall  abolish  the  four-year  course  in  mechanical,  civil,  elec- 
trical engineering,  etc.,  and  for  it  substitute  a  five-year  course 
comprising  two  years  in  the   College  of  Arts  and  Sciences, 
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followed  by  three  years  in  the  School  of  Engineering.  At 
present  and  for  the  next  two  years  the  granting  of  the  degree 
of  bachelor  of  science  in  each  branch  of  engineering  will  be 
continued.  Beginning  with  the  students  entering  in  Septem- 
ber, 1911,  the  degree  at  the  end  of  the  five-j^ear  course  will  be 
the  full  engineering  degree. 

Professor  Munroe:  The  combined  (and  shortened)  course 
of  collegiate  and  engineering  studies,  in  which  the  two  degrees, 
baccalaureate  and  professional,  may  be  obtained  by  seven 
years'  study,  has  been  in  operation  at  Columbia  since  1890. 
The  six-year  course  for  the  two  degrees  was  inaugurated  in 
1897.    The  origin  of  these  combined  courses  is  as  follows : 

About  twenty  years  ago  Columbia  College  adopted  certain 
essential  subjects  as  the  basis  of  a  liberal  education.  These 
required  subjects  are :  English,  French  or  German,  Latin, 
history,  mathematics,  philosophy  and  some  one  branch  of 
natural  science.  Outside  of  these  required  subjects  a  broad 
election  is  allowed,  at  first  in  the  senior  year  only,  but  now  in 
any  year  of  the  college  course.  It  is  evident  that  it  is  quite 
possible  to  combine  these  essentials  of  a  liberal  training  with  the 
required  engineering  studies  without  making  it  necessary  for 
the  student  to  spend  four  years  in  college  and  four  years  in  a 
professional  school.  From  the  standpoint  of  the  college,  such  a 
combined  course  is  justified,  as  a  large  part  of  the  engineering 
studies  are  of  a  collegiate  character.  From  the  standpoint  of 
the  professional  school,  such  a  combined  course  has  the  ad- 
vantage that  it  secures  a  larger  proportion  of  liberal  studies 
than  is  practicable  in  an  engineering  course  of  four  years. 
This  idea  received  at  once  the  approval  of  President  Low  and 
other  prominent  educators,  including  President  Butler ;  it  was 
endorsed  by  the  university  council  and  finally  went  into  opera- 
tion in  1897.  The  plan  is  styled  in  certain  educational  circles 
the  "Columbia  Plan."  It  is  interesting  to  note  how  far  this 
plan  has  spread  and  how  generally  it  has  been  adopted.  Since 
1897  the  combined  course  at  Columbia  has  been  taken  each 
year  by  an  increasing  number  of  students.  At  present  it  is 
possible  to  obtain  the  essentials  of  a  liberal  education  and  the 
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training  for  a  professional  degree  in  six,  seven  or  eight  years, 
as  the  student  may  elect,  so  that  he  may  take  as  much  or  as 
little  liberal  work  as  he  may  desire. 

An  objection  has  been  urged  against  collegiate  preparation 
for  work  in  the  professional  schools  in  that  college  life  tends 
to  unfit  men  for  serious  work.  There  is  some  ground  for  this 
criticism  and  we  have  endeavored,  in  recent  years,  at  Colum- 
bia to  encourage  men  in  various  ways  to  do  better  work  in  the 
college.  It  is  now  possible  for  students  of  Columbia  to  obtain 
the  first  degree  in  three  years  by  gaining  additional  credit  for 
good  work  and  by  taking  a  certain  proportion  of  their  studies 
in  the  sununer  session. 

Professor  Carl  C.  Thomas:  At  the  Universitj'  of  Wiscon- 
sin there  is  a  considerable  number  of  students  in  the  five-year 
course.  It  is  the  general  feeling  among  faculty  and  students 
that  the  course  is  one  affording  great  advantages  over  the 
four-year  course,  and  that  it  will  develop  so  as  to  attract  a 
large  number  of  students.  It  seems  unfortunate  that  a  stu- 
dent should  spend  four  years  in  a  place  where  there  is  such 
an  unlimited  field  open  to  him  as  there  is  in  a  university, 
■without  becoming  acquainted  with  more  than  a  little  corner  of 
the  field.  A  five-year  course  gives  him  an  opportunity  to 
explore  to  some  extent  the  educational  fields  of  the  univer- 
sity, and  to  get  a  much  more  general  benefit  than  is  possible 
if  he  confines  himself  entirely  to  the  requirements  of  the  tech- 
nical courses. 

By  far  the  greater  number  of  students  take  the  four-year 
course,  and  it  is  impracticable  to  give  those  men  opportunities 
to  work  in  many  of  the  subjects  that  they  should  know  some- 
thing about.  There  has  been  at  the  University  of  Wisconsin 
a  tendency  to  develop  seminaries  for  general  discussion,  at- 
tended by  thirty  or  thirty-five  men.  Members  of  the  faculty 
attend  these  seminaries,  and  the  subjects  discussed  are  not 
confined  to  engineering.  In  one  seminarv*  held  during  the  past 
year,  all  sorts  of  subjects  have  been  taken  up.  "We  have 
brought  into  these  seminaries  men  from  other  departments  of 
the  university,  and  also  men  from  the  active  engineering  field. 
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Parts  of  our  two-hour  sessions  have  been  devoted  to  reports  by 
students  or  by  members  of  the  faculty.  We  have  had  dis- 
cussions on  all  sorts  of  subjects,  from  ethics,  biology  and  higher 
mathematics  to  lumbering  on  the  Mississippi  River,  and  the 
best  methods  of  handling  live  stock  in  cattle  cars. 

Mr.  Kent:  This  agitation  of  five  and  six-year  courses  in 
engineering  schools  seems  to  be  a  fashion  or  fad  that  is  coming 
in.  I  have  been  trying  to  find  out  what  it  all  means.  One 
party  says  we  want  to  give  our  students  a  more  liberal  educa- 
tion, combining  the  liberal  arts  course  with  the  engineering 
course,  and  turning  out  the  engineer  a  more  liberally  edu- 
cated man.  Another  takes  the  ground  that  the  engineering 
courses  themselves  require  more  than  four  years.  Engineer- 
ing is  becoming  so  complex,  they  say,  that  we  cannot  teach  it 
in  four  years,  and  we  must  have  five  or  six.  Still  another  says 
that  we  must  have  five-year  courses  because  the  high  schools 
do  not  prepare  the  students  well  enough.  We  have  to  take 
an  extra  year  at  the  bottom  of  the  engineering  course  in  order 
to  give  the  freshmen  what  they  should  have  had  in  the  high 
school.  There  thus  seems  to  be  no  unanimity  of  opinion, 
among  those  who  have  advocated  the  five-year  courses. 

It  might  be  well  for  us  to  get  together  to  find  some  uniform 
basis  upon  which  the  essentials  of  the  course  may  be  worked 
out.  Does  the  five-year  idea  mean  that  we  must  have  a  more 
intensified  five-year  technical  course  so  as  to  give  a  working 
knowledge  of  wireless  telegraphy  and  wireless  telephoning, 
and  a  lot  of  other  new  things ;  or  must  we  give  a  year  or  two 
to  some  fastidious  intellectualism,  some  more  intellectual  cul- 
ture? In  the  latter  case  we  can  give  some  more  French  and 
German,  some  economics,  some  higher  English  (not  ordinary 
common-sense  English,  but  Anglo-Saxon,  for  instance),  to 
give  what  some  call  more  broad  culture. 

President  Schurman,  in  the  report  previously  referred  to, 
said  that  it  is  unfortunate  that  we  have  no  definition  of  what 
broad  culture  is.  No  two  men  will  agree  on  a  definition,  or  on 
a  list  of  subjects  the  student  should  acquire.  Take,  for  ex- 
ample, the  boy  who  comes  from  the  farm  and  the  district 
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high  school.  He  enters  the  engineering  course  because  he 
thinks  he  would  like  to  be  an  engineer.  He  hears  that  engi- 
neering is  a  verv^  good  thing,  and  that  lots  of  money  may  be 
made  in  it.  Shall  we  give  this  boy  a  preliminary  year  of 
"broad  culture"  and  thus  lengthen  the  course  to  five  years, 
or  shall  we  distribute  a  year  of  '"culture"  along  the  five-year 
course,  or  shall  we  give  him  a  post-graduate  year  in  engineer- 
ing after  the  usual  four-year  course?  I  think  it  is  well  to  let 
the  student  realize  that  the  most  important  post-graduate 
course  he  can  get  is  in  the  shop ;  that  a  post-graduate  course 
in  college  is  not  as  good  as  a  post-graduate  course  in  the  shop 
with  overalls  on.  He  will  learn  more  in  one  year  after  he  gets 
out  of  college  at  twenty-two  years  of  age  than  he  will  learn 
as  a  post-graduate  student  taking  two  years  more  of  profes- 
sional work  in  college. 

I  have  just  had  an  experience  with  a  young  man  who 
graduated  two  j'ears  ago.  I  urged  him  to  get  out  of  college. 
He  said  he  thought  he  would  take  a  post-graduate  course  as 
he  enjoyed  college  life  very  much.  He  had  distinguished  him- 
self in  athletics,  and  liked  to  belong  to  the  musical  society". 
He  really  enjoyed  college  life ;  he  is  the  kind  of  fellow  who 
knows  how  to  enjoy  life.  He  was  a  good  student  and  a  tip  top 
fellow.  He  had  a  great  deal  of  education  in  him.  and  had 
educational  ideals.  I  urged  him  to  get  out  of  college  and  take 
an  apprenticeship  course,  but  he  would  not.  He  stayed  in 
college  and  took  some  experimental  course,  and  to  help  him- 
self along  became  an  assistant  in  reading  quiz  papers,  etc. 
After  a  year  or  so  of  post-graduate  work  of  that  kind,  which 
did  not  advance  him  in  the  slightest,  he  left  the  college.  He 
wrote  me  a  few  days  ago  to  say  that  he  has  had  hard  lines, 
that  he  has  finally  gone  back  to  the  farm  and  has  begun  life 
anew,  doing  something  that  will  not  help  him  in  engineering 
work  at  all.  Now  he  writes  to  learn  if  I  can  find  him  a  job. 
I  found  him  one,  and  I  hope  that  he  is  at  last  to  take  the 
engineering  apprenticeship  course.  He  has  to  start  just 
where  he  might  have  started  two  years  ago.  He  has  really 
lost  two  years  by  taking  up  this  post-graduate  course,  in  order 
to  stay  that  fifth  year  in  college. 
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Professor  Fletcher:  I  have  watched  graduates  from  Cor- 
nell for  many  years.  My  own  observation  is  that  the  men  who 
were  ripened  up  pretty  well  when  they  left  turned  out  much 
better  than  the  men  going  out  too  young.  Those  men  were 
men  who  had  ripened  up  quite  a  little  before  they  came,  and 
were  mature  when  they  left.  We  have  had,  and  I  have  in 
mind  now,  men  who  did  not  like  practical  work,  who  have 
tried  to  get  off  rather  than  stay  and  take  the  additional  work. 
I  think  that  that  class  should  be  recognized. 

My  own  observation  is  that  the  man  who  is  fairly  mature 
when  he  enters  is  the  man  who  turns  out  the  best.  That  is 
because  his  education  is  a  good  deal  of  a  ripening  process,  as 
well  as  a  process  of  instruction  in  college. 

]\Ir.  Chas.  F.  Scott  :  There  seems  to  be  one  fairly  uniform 
panacea  for  the  difficulties  in  engineering  education.  Some- 
times the  criticism  is  that  the  course  is  not  broad  enough ;  or 
that  it  does  not  contain  certain  subjects;  or  that  it  ought  to 
be  more  technical;  or  again,  that  it  ought  to  deal  with  com- 
mercial matters,  teaching  men  to  be  managers  or  cost-keepers. 
But  whatever  the  complaint,  the  usual  solution  of  the  problem 
is  simply  to  extend  the  course.  It  is  so  much  a  matter  of 
credits,  hours,  years,  of  so  many  things  to  be  learned,  that  we 
almost  lose  sight  of  what  we  really  want  to  do.  It  is  not 
primarily  to  teach  the  boy  things,  but  it  is  to  prepare  him  for 
his  life's  work. 

A  few  years  ago  a  professor  brought  to  me  for  criticism  an 
outline  of  a  proposed  engineering  course.  There  were  only 
a  few  hours  allowed  for  anything  except  purely  engineering 
or  mathematical  subjects  leading  directly  to  the  particular 
branch  of  engineering.  I  said,  "You  ought  to  have  more  gen- 
eral culture,  history  and  economics  right  along  through  the 
course."  He  said  that  he  would  then  have  to  leave  out  some- 
thing. When  I  said,  "Then  leave  it  out,"  he  replied,  "Then 
we  would  not  be  on  a  par  with  the  other  schools.  I  have  gone 
through  many  catalogues  and  found  what  they  all  have,  and 
we  must  have  everything  that  I  have  put  in  the  course  if  we 
wish  to  be  on  a  par  with  the  others."     This  indicates  that 
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there  is  a  kind  of  competition  as  to  the  number  of  subjects 
which  can  be  squeezed  into  these  courses.  Xaturally  they 
get  filled  up  or  are  extended  too  much.  There  is  a  kind  of 
artificial  filling  up  in  an  attempt  to  get  all  possible  topics 
into  the  course.  It  is  all  wrong  to  try  to  teach  a  large  number 
of  specific  branches  of  engineering,  with  a  view  to  preparing 
a  man  for  expert  work  immediately  after  he  leaves  college. 
That  is  not  what  the  college  is  for.  The  graduate  will  learn 
in  these  lines  more  in  the  first  few  months  of  actual  practice 
than  he  can  learn  in  college,  and  he  will  learn  it  a  great  deal 
better.  There  is  great  danger  lest  we  try  to  make  an  engi- 
neering trade  school  out  of  the  college  course. 

Some  of  the  remarks  made  this  afternoon  were  most  excel- 
lent. One  was  that  the  object  of  the  college  course  is  to  make 
men  good  climbers,  to  make  men  who  know  how  to  keep  on 
developing  after  graduation.  The  remarks  of  Professor 
Thomas  struck  me  as  being  most  timely.  The  seminaries  in 
which  some  little  presentation  is  given  of  the  different 
branches  of  engineering  are  excellent.  We  want  to  give 
students  some  view  of  the  different  departments  of  engineer- 
ing, so  that  they  will  recognize  something  of  what  is  there, 
and  also  that  they  may  appreciate  fully  that  they  do  not 
know  all  that  is  in  those  subjects. 

The  five-year  course  seems  to  be  an  easy  solution  of  two 
present  problems.  One,  the  enlargement  of  the  engineering 
course  and  the  other  the  introduction  of  culture  studies,  which 
we  certainly  need.  The  real  problem,  however,  is  not  one  of 
the  length  of  the  course,  but  rather  of  the  way  in  which  it  is 
taught.  Effective  teaching  is  the  first  requisite.  The  prime 
purpose  of  the  college  course  is  training.  ]\Iore  depends  upon 
the  teacher  than  upon  the  subject.  Almost  any  branch  of 
engineering  can  be  so  taught  that  it  gives  good  training  in 
English  and  in  logic.  One  of  the  best  courses  I  ever  had  was 
in  geology,  not  because  I  learned  anything  in  particular  of 
the  details  of  the  subject,  but  because  I  was  in  contact  with 
a  great  teacher — a  man  filled  with  enthusiasm  and  with 
scientific  spirit. 
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Engineering  training  ought  to  be  the  development  of  the 
natural  instincts  in  a  boy.  If  we  delay  engineering  training 
until  after  the  formative  period,  if  we  teach  first  the  broader 
subjects  in  the  general  course,  we  may  delay  too  long  the 
training  of  those  natural  instincts.  The  industrial  school  in 
connection  with  a  manufacturing  company,  has  the  great 
advantage  of  developing  the  natural  engineering  instincts  in 
a  boy,  keeping  them  alive  and  active,  while  his  education  is 
going  on.  In  making  the  course  longer,  we  run  the  danger  of 
delaying  too  long  the  scientific  and  engineering  training. 
Further,  if  our  college  course  is  continued  too  long,  we  run 
into  the  difficulties  of  which  we  were  warned  this  morning, 
particularly  by  Mr.  F.  "W.  Taylor,  that  the  longer  we  keep 
the  boy  in  college,  the  more  we  get  him  away  from  the  ordi- 
nary channels,  the  less  adapted  he  is  to  take  up  his  life's 
work  and  the  more  of  a  struggle  he  will  have  afterwards. 

Hence,  in  order  that  the  five-year  course  may  be  worth 
while,  there  must  be  a  broad  and  continuous  development,  and 
it  must  be  along  lines  which  will  better  and  better  fit  the  stu- 
dent for  his  life's  work. 

Professor  Waldo:  "We  are  agreed  that  the  success  of  our 
engineering  schools  has  largely  arisen  from  the  fact  that  they 
have  met  the  need  which  was  expressed  by  the  people  at  large. 
If  we  get  away  from  that  sort  of  a  call,  and  begin  to  figure 
up  among  ourselves  what  we  would  like  to  do,  rather  than 
what  we  should  do  to  serve  the  public,  we  may  go  astray. 
If  my  experience  teaches  anything  it  is  that  there  are  few 
young  men  coming  to  our  technical  schools  who  can  afford 
to  spend  more  than  four  years  in  their  college  course.  If 
we  unduly  extend  it,  we  either  keep  them  out  of  the  college 
course  or  we  drive  them  into  some  other  kind  of  course.  It 
is  evident  that  our  technical  schools  have  stretched  their 
hold  upon  the  young  men  about  as  far  as  it  will  stand  at 
the  present  time.  If  we  add  a  year  or  two  to  the  course  there 
must  be  a  very  definite  reason  behind  it.  If  we  say  that  our 
students  are  coming  up  to  our  institutions  less  and  less 
mature  to  undertake  the  work  that  we  wish  them  to  do,  and 
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that,  therefore,  it  is  necessary  for  us  to  ^ve  them  an  addi- 
tional year  of  training  in  the  colleges,  and  thus  make  the 
course  five  years,  seems  logical.  But  if  we  agree  that  our 
secondary  schools  are  doing  their  work  better  and  better,  so 
that  at  the  end  of  four  years  of  secondary  training  our  boys 
to-day  are  better  off  than  they  were  ten  to  twenty  years  ago, 
and  if  we  agree  in  addition  that  we  must  give  them  five  years 
before  we  put  them  into  active  work  on  the  outside,  are  we 
not  possibly  making  a  mistake? 

"We  ought  to  have  a  eommittee  to  work  upon  the  statistics 
of  this  matter.  There  has  been  much  said  about  the  popu- 
larity of  the  five  and  six-year  courses,  but  nothing  very 
definite  with  reference  to  the  number  and  character  of  the 
young  men  electing  them.  Are  they  young  men  who  are 
going  out  as  active  technical  engineers,  or  are  they  young 
men,  for  the  most  part,  who  expect  to  become  teachers.  Some 
of  those  who  are  advocating  the  five  and  six-year  courses. 
as  at  Missonri  University,  have  burned  their  bridges  behind 
them  and  distinctly  say  that  after  a  definite  time  a  com- 
pulsory five-year  course  will  be  established.  It  wiU  be  inter- 
esting to  see  what  the  effect  of  that  five-year  course  will  be 
upon  the  number  of  students  entering  the  engineering  depart- 
ment. At  the  University  of  Minnesota,  the  five  and  six-year 
courses  have  been  entered  upon  with  the  clear  understanding 
that  the  number  of  students  wiQ  be  greatly  diminished,  and 
they  are  ready  to  face  that  proposition.  At  the  same  time, 
it  is  a  question  whether  or  not  an  institution  is  serving  its 
state  as  well  by  putting  up  such  barriers  against  the  comple- 
tion of  a  four-year  course  for  a  student,  as  it  would  if  it 
definitely  gave  its  credentials  after  four  years. 

I  do  not  want  to  protest  against  the  five,  sis,  seven,  eight, 
ten  or  twelve-year  courses,  but  I  do  feel  that  we  are  possibly 
making  some  mistake,  and  that  the  statistics  of  our  engineer- 
ing education  in  the  near  future  will  show  that  if  we  enlarge 
our  courses  and  demand  more  years  of  our  young  men  before 
sending  them  out  with  our  full  credentials,  we  are  going  to 
diminish  unduly  the  number  of  well-prepared  students  who 
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take  our  engineering  courses,  and  thus  diminish  the  influence 
and  usefulness  of  our  engineering  schools. 

If  our  engineering  schools  are  now  overrun  with  students 
and  the  authorities  who  are  responsible  for  these  schools  are 
unable  or  unwilling  to  provide  adequately  for  their  support, 
isn't  it  better  to  make  the  quality  of  candidates  for  admission 
higher  b\'  examination  in  a  few  important  subjects  or  by 
early  exclusion  of  larger  percentages  from  the  freshman  class 
after  one  or  two  months'  trial  have  shown  that  the  work  of 
preparation  in  essential  respects  has  not  been  well  done? 

Dean  Kaymoxd  :  For  purposes  of  record  it  should  be  men- 
tioned that  Washington  University  established  a  five-year 
course  in  engineering,  in  the  middle  eighties.  It  was  after- 
wards abandoned,  for  what  reason  I  am  not  informed. 

Professor  Willistox  :  ]\Iay  I  suggest  that,  in  order  to  make 
this  discussion  of  the  five-year  courses  complete,  and  as  accu- 
rate as  possible,  all  of  the  institutions  that  have  been  referred 
to  as  having  had  five-year  courses  furnish  the  incoming  secre- 
tary with  a  sentence  or  two  of  information  as  to  the  proportion 
of  engineering  students  who  are  enrolling  in  these  five-year 
courses;  and  also  whether  or  not  the  five-year  courses  are  in- 
tended to  eventually  supplant  the  four-year  courses.  We  shall 
thus  know  whether  these  new  courses  which  are  being  added 
are  off-shoots  or  are  to  become  the  main  trees. 

Professor  Constant  :  The  work  in  Minnesota  is  real  enough 
and  well  enough  started  at  the  present  time  to  justify  an 
explanation  of  what  is  being  done  there.  The  University  of 
Minnesota  has  entered  upon  a  real  and  absolute  five-year 
course,  a  course  that  supplants  everything  else.  It  will  be 
the  only  course  in  the  Engineering  College.  The  incoming 
freshmen  of  last  year,  therefore,  all  registered  for  the  five- 
year  course.  The  present  sophomores,  juniors  and  seniors, 
will  be  permitted  to  finish  in  the  old  course.  The  enrollment 
in  last  year's  freshman  class  was  nearly  as  large  as  that  of 
any  of  the  preceding  classes.  It  has  been  suggested  that  the 
enrollment  will  in  a  very  short  time  be  larger  than  ever  before, 
mainly  because  of  the  general  and  humanitarian  nature  of  the 
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nevr  course.  This  ■will  attract  students  who  might  not  be  will- 
ing to  enter  the  old,  more  narrow,  technical  course.  If  this 
is  the  case  we  may  possibly  draw  students  from  the  academic 
college. 

In  establishing  this  five-year  course,  two  desirable  ends  were 
accomplished.  First,  the  curriculum  of  the  old  four-year 
course  was  overcrowded.  The  expansion  into  five  years  re- 
sulted in  a  decrease  in  the  number  of  hours  per  week  required 
of  all  students.  Second,  the  proposed  expansion  allowed  an 
increased  number  of  humanitarian  subjects. 

The  basic  principle  upon  which  this  five-year  course  was 
established,  was  this:  That  as  much  of  the  technical  work 
should  be  placed  in  the  fifth  year,  as  possible.  A  few  members 
of  the  faculty  felt  that  the  first  four  years  should  comprise 
a  rounded  engineering  course,  so  that  if  students  were  unable 
to  come  back  for  the  fifth  year  they  would  still  have  an  engi- 
neering training.  These  members  were  much  in  the  minority. 
Practically  the  whole  faculty  feels  now  that  the  principle 
adopted  was  the  correct  one.  It  may  be  thought  at  first  that 
the  men  who  cannot  come  back  for  the  fifth  year  will  lose. 
"VTe  feel,  however,  that  if  a  man  is  compelled  to  step  out  at 
the  end  of  his  fourth  year,  he  will  be  better  educated,  better 
prepared  for  his  life  work  as  an  engineer,  than  he  would  have 
been  had  he  taken  the  old  four-year  course  and  completed  it. 
He  will  not  have  as  many  technical  subjects,  but  he  will  have 
followed  a  line  of  study  tending  to  broaden  his  mind  and  his 
view  of  life.  Further,  he  will  have  more  leisure  during  these 
four  years  to  pursue  his  work  thoroughly,  because  of  the  fewer 
hours  per  week  under  this  new  arrangement.  He  will  have 
all  of  the  mathematics,  all  of  the  .subjects  directly  related  to 
mechanics,  such  as  hydraulics,  stresses  and  machine  design. 
In  electricity  he  will  have  a  fairly  good  general  knowledge  of 
the  basic  principles.  Upon  the  whole,  he  will  have  a  reason- 
able amount  of  the  fundamental  technical  training  that  an 
engineer  needs. 

These  men  may  wish  to  return  to  complete  the  course  after 
two  or  three  years'   practical  experience.     They  may   thus 
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supplement  their  practical  knowledge  by  the  theoretical  and 
technical  work  which  are  collaborated  in  the  fifth  year.  The 
degree  given  to  those  students  who  cannot  complete  the  fifth 
year  will  be  bachelor  of  science  in  engineering.  They  will  thus 
have  something  to  show  for  their  four  years'  work. 

In  conclusion  I  wish  to  state  my  firm  conviction  that  in 
order  to  make  the  five-year  course  a  success,  it  is  necessary 
that  we  put  the  technical  work  in  the  last  year. 

Dean  Raymond  :  After  listening  to  the  account  of  the  new 
Minnesota  course,  I  would  state  that  we  in  Iowa  University 
have  been  doing  the  same  thing  in  the  courses  I  previously 
described.  We  consider  this  plan  a  preliminary'  or  trial  step, 
but  we  have  nevertheless  adopted  it  as  one  of  our  regular 
courses.  Our  broadening  work  all  comes  in  the  first  four 
years,  preparing  for  the  technical  work  of  the  fifth  year. 
All  the  higher  technical  work  comes  in  this  fifth  year.  *  We 
also  give  a  degree  of  B.S.  at  the  end  of  four  years. 

Professor  Hibbard  :  I  would  like  to  ask  Professor  Constant 
if  every  freshman  who  entered  last  year  expects  to  remain 
there  for  the  full  five  years  ? 

Professor  Coxstaxt:  This  is  a  psychological  question 
which  it  would  be  impossible  to  answer  at  this  time.  As  far 
as  we  know,  the  freshmen  who  have  entered  fully  intend  to 
remain.  How  many  will  drop  out  it  is  impossible  to  foretell. 
I  presume  that  many  will  be  content  with  the  four-year 
course. 

Professor  Hibbard:  At  the  University  of  ^lissouri  a  five- 
year  course  will  go  into  effect  in  the  fall  of  1911.  There  will 
be  no  degree  unless  the  students  remain  for  five  years.  I  do 
not  see  that  any  advance  has  been  made  if  a  degree  is  given 
at  the  end  of  four  3-ears ;  many  of  the  fellows  will  be  content 
to  take  that  minor  degree.  There  are  many  institutions  that 
have  five  and  six-year  courses.  While  there  are  men  who 
will  stay  for  these  courses,  there  are  many  that  cannot  and 
will  not  do  so.  What  interests  us  at  Missouri  is  to  know  if 
those  men  who  entered  as  freshmen  last  fall  will  remain  and 
get  the  degree  at  the  end  of  five  vears. 
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Professor  Constant:  To  cap  the  five-year  course,  we  are 
making  the  fifth  year  so  good,  so  attractive,  that  the  students 
will  be  strongly  tempted  to  take  if  possible,  the  fifth  year. 
If  the  four-year  course  is  made  too  attractive,  they  will  not 
come  back.  We  realize  that  it  is  the  ambition  of  young  men 
to  get  out  into  their  life  work  as  early  as  possible.  In  the 
interest  of  the  success  of  this  course,  therefore,  we  have  deter- 
mined to  make  the  fifth  year  just  as  attractive  as  it  can  be. 
Some,  of  course,  will  necessarily  drop  out  at  the  end  of  the 
four  years,  but  we  think  that  they  will  be  nearly  as  weU  pre- 
pared to  enter  the  technical  vocation  and  better  able  to  main- 
tain themselves  there  after  they  have  once  made  a  fair  con- 
nection with  practical  work  and  have  acquired  some  of  the 
initial  details  which  so  quickly  flood  in  upon  the  young  engi- 
neer during  the  first  years  in  shop,  field  and  office,  as  those 
from  the  old  four  years'  course.  In  general  education,  in 
largeness  of  view  upon  life  and  life's  problems  and  in  abilitj^ 
to  take  their  place  among  men  they  will  be  better  off.  The 
fifth  year  is  just  so  much  gained. 

Professor  French:  There  is  still  something  to  be  said  in 
regard  to  the  length  of  courses.  Of  the  large  number  of 
men  attracted  to  engineering  courses,  there  are  many  of  them 
not  fitted  by  birth  and  attainments  to  become  engineers  in 
the  highest  sense  of  the  word.  Many  of  these  men  can  fill  the 
ranks  and  do  the  routine  work.  These  men  ought  to  have  an 
opportunity  to  have  our  training;  but  it  is  difficult  for  them 
to  get  it  with  the  strenuous  schedule  of  the  ordinary  technical 
school.  It  might,  therefore,  be  weU  at  the  end  of  three  years, 
in  which  there  is  very  little  engineering  work,  to  give  these 
men  a  degree.  "We  have  precedents  in  our  leading  institutions, 
where  the  men  who  work  hard  may  obtain  a  bachelor's  degree 
in  three  years.  After  three  years'  work  it  should  be  easy  for 
those  trained  in  the  subject  to  ascertain  whether  a  student  has 
reached  the  limit  of  his  capacity.  It  he  has  been  faithful  to 
his  work,  why  should  you  not  graduate  him  and  let  him  work 
in  the  ranks  where  he  must  work  anyway,  and  where  he  will 
fill  his  position  acceptably.    For  instance,  in  civil  engineering, 
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he  will  not  have  taken  up  many  engineering  studies.  He 
might  make  a  good  instrument  man  and  a  good  draftsman. 
A  man  who  enters  a  technical  school  may  be  out  of  place.  At 
the  end  of  three  years  he  certainly  knows  it.  There  is  nothing 
for  him  to  do,  under  the  old  order  of  things,  except  to  drop 
out  of  the  institution,  with  more  or  less  stigma  of  failure,  or 
else  to  persevere  and  ''lumber  up''  the  course  with  the  sort 
of  men  that  are  not  fitted  for  it.  11  these  men  obtain  the 
degree  of  bachelor  of  science  they  would  have  obtained  a 
training  which  would  answer  the  requirements  of  many  of 
them.  They  would  leave  the  classes  open  to  those  who  were 
fitted  for  the  advanced  work  of  the  last  two  years,  whereas 
the  other  men  who  had  spent  the  three  years  and  had  learned 
their  limitations  would  have  as  much  education  as  they  were 
able  to  absorb. 

Professor  Xewkirk  :  I  want  to  add  a  word  to  Professor 
Constant's  reply  to  the  question  that  was  put  to  him.  I  have 
been  in  very  intimate  contact  with  the  students  in  the  uni- 
versity, and  I  think  that  our  students  regard  the  new  course 
as  a  five-year  course,  and  that  they  expect  to  stay  the  five 
years  to  get  the  degree.  They  consider  it  as  a  hardship,  pos- 
sibly, and  would  prefer  to  have  a  four-year  course,  but.  having 
been  entered  in  the  five-year  course,  they  expect  to  stay  the 
five  years  in  order  to  get  the  degree. 

Professor  "^aldo:  The  real  value  of  the  five-year  courses 
cannot  be  determined  until  five  years  have  elapsed,  and  we 
know  what  percentage  of  the  original  entrants  remain.  Then 
we  must  investigate  the  greater  efiSciency,  or  what  may  be  the 
greater  efiSciency,  of  those  who  have  subjected  themselves  to 
the  training  of  the  five  years  as  compared  with  four-year  men 
after  their  first  year  out  of  college.  At  present  we  can  merely 
guess  as  to  the  result. 

Professor  Emory:  In  the  South  and  West,  the  five-year 
course  is  more  thoroughly  established  than  in  the  East.  Many 
institutions  have  five,  six  and  seven-year  courses.  In  these 
institutions  many  take  engineering  who  do  not  expect  to 
become  consulting  engineers,  but  are  preparing  themselves  for 
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other  lines.  The  benefits  to  be  thus  obtained  are  great  no 
matter  what  lines  the  student  intends  to  follow  in  after  life, 
even  in  medicine  or  in  the  sciences.  !Many  of  our  students 
have  stayed  five  or  six  years  to  graduate,  because  they  need 
a  fuller  knowledge  of  the  preparatory  work  and  training 
than  can  be  acquired  in  the  regular  years  of  the  course,  and 
this  is  one  of  the  things  that  led  up  to  the  fifth  year  as  a  part 
of  the  undergraduate  work.  ]\Iuch  of  the  weakness  in  elemen- 
tary work  may  be  due.  perhaps,  to  the  poor  training  obtained 
in  the  average  high  school.  In  certain  parts  of  the  country 
great  progress  has  been  made  in  the  preparatory  school  dur- 
ing the  past  few  years. 

While  the  preparatory  school  may.  in  a  measure,  be  respon- 
sible for  the  necessity  of  the  fifth  year,  yet  so  much  is  crowded 
into  four  years  that  really  five  years  are  needed  to  absorb  all 
the  subjects  in  the  present  curriculum. 

Pkofessoe  TVilliston  :  ^luch  of  the  argument  for  lengthen- 
ing the  courses  of  study  has  been  to  provide  the  necessary 
time  for  more  so-called  cultural  courses.  May  I  appeal  to  our 
members  to  drop  the  use  of  this  expression?  All  courses  are 
cultural  if  they  are  properly  taught.  To  those  who  still 
cherish  this  term  I  recommend  Dr.  Eliot's  paper  on  "A  New 
Definition  of  the  Educated  Man."  If  a  young  man  wants  to 
make  engineering  his  life  occupation,  he  cannot  begin  too 
early  to  get  a  broad  view  of  his  future  work  and  obligations. 
His  training,  therefore,  should  be  broad,  but  such  breadth  is 
better  given  by  the  quality  of  the  teaching  than  by  the  charac- 
ter of  the  subject  matter  studied.  Consequently,  let  us  strive 
for  more  teachers  who  are  masters  both  of  their  subjects  and 
of  the  art  of  teaching,  and  who  can  inspire  their  students  with 
high  ideals:  and  let  us  cease  trying  to  overload  an  already 
crowded  curriculum  with  a  larger  number  and  a  greater 
variety  of  subjects. 

Courses  of  different  lengths  are  desirable  for  different  pur- 
poses. For  some  lines  of  work  a  more  thorough  preparation 
is  needed  than  for  others;  and  some  young  men  can  wisely 
afford  to  spend  a  longer  period  in  getting  their  professional 
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training  than  others.  The  real  question,  therefore,  is  how 
many  individuals  and  "^hich  individuals  ought  to  have  four- 
year  courses;  and  how  many  ought  to  have  longer  courses? 
The  number  for  whom  longer  courses  are  desirable  is  un- 
questionably increasing.  Yet.  on  the  other  hand,  if  a  con- 
siderable nimiber  of  the  engineering  schools  of  this  country 
should  say  to  all  the  young  men  entering  them.  "  It  is  neces- 
sary for  you  to  spend  more  years,  or  even  one  year  more  than 
your  predecessors  have  done,  or  get  but  a  fragmentary-  train- 
ing," it  would  I  believe  be  a  national  calamity. 

Professor  Holdex  :  In  the  Thayer  School,  since  1S93.  a  minor 
degree  is  given  at  the  end  of  the  fourth  year  in  college  (first 
year  in  Thayer  School).  Our  experience  shows  that  from  one 
half  to  two  thirds  of  our  men  return  for  the  fifth  year.  For  the 
first  three  years  the  work  is  carried  entirely  in  the  academic 
course,  the  student  taking  during  that  time  such  preparatory 
work  as  mathematics,  graphics,  physics,  chemistry,  astronomy, 
English  and  German.  At  the  end  of  three  years  those  stu- 
dents who  maintain  a  sufficiently  high  rank  in  college  may 
elect  to  take  their  work  in  the  Thayer  School.  During  the 
fourth  year,  the  entire  time  of  which  is  devoted  to  Thayer 
School  work,  no  courses  being  carried  in  the  college  they  take 
surveying,  railroad  construction,  mechanics,  mechanics  of 
materials,  materials  of  construction,  highway  construction, 
masonarj-  construction,  graphic  statics,  road  design  and  elec- 
tricity (direct  current).  At  the  end  of  the  fourth  year  they 
receive  the  degree  of  B.S.  from  Dartmouth  College.  The  men 
who  return  for  the  firth  year  then  complete  their  work  includ- 
ing among  other  subjects  framed  structures,  hydraulics,  water 
supply  engineering,  sanitary-  engineering,  railroad  operation 
and  administration,  river  and  harbor  improvements  and  elec- 
tricity (alternating  current).  The  degree  of  C.E.  is  con- 
ferred at  the  end  of  this  year. 

Professor  Fletcher:  Our  students  come  back  to  cover 
those  matters  which  they  were  obliged  to  omit  through  lack 
of  time.  They  come  back  because  they  want  these  courses  in 
hydraulics,  in  framed  structures,  and  in  others  of  what  we 
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term  hisrher  branches  of  engineering.  "VTe  try  to  make  our 
courses  so  attractive  that  after  the  graduates  have  been  out  for 
one  or  two  years  they  feel  the  need  of  this  extra  training. 
These  years  of  practical  work  make  them  realize  the  value  of 
•what  we  can  give  them. 

Me.  Kent  :  It  would  be  weU  if  everyone  studying  this  sub- 
ject would  formulate  for  himselE  a  definition  of  "culture." 
"We  have  heard  the  expression  ''humanitarian  studies.'' 
"humanistic  studies"  and  "broadening  studies,'"  mentioned 
in  the  discussion  of  the  objects  of  the  five-year  co'drse.  One 
man  says  that  we  need  to  give  the  student  a  broadening  edu- 
cation. "What  does  he  mean  by  this?  One  hundred  years 
ago  a  broadening  education  was  supposed  to  be  one  which 
would  enable  a  man.  after  studying  Latin  for  eight  years,  to 
compose  a  poem  or  make  a  discourse  in  the  style  of  Cicero. 
The  idea  was  that  Latin  must  be  studied  in  a  certain  particu- 
lar way.  Further,  it  was  nece^aiy  to  know  all  there  was  to 
know  on  the  subject  of  certain  Greek  terminations.  At 
another  time  the  broad  man  was  supposed  to  know  all  about 
the  history  of  metaphysics  and  the  philosophical  systems  of 
Aristotle.  Kant.  Spencer,  and  others.  Culture  studies  were 
the  studies  that  had  no  immediate  influence  on  the  life  of  the 
man,  but  they  were  supposed  to  educate  his  brain  and  thus 
to  make  him  mentally  different  from  the  ordinary  man. 

We  have  passed  beyond  that  notion  of  culture  to-day,  but 
as  President  Sehnnnan  said,  there  is  no  satisfactory  defini- 
tion of  culture.  I  have  tried  to  form  a  woAing  definition  for 
myself,  and  have  concluded  that  culture,  for  the  present  gen- 
eration at  least,  is  that  kind  of  mental  training  which  will  put 
a  man  in  touch  with  the  thought  of  the  time  and  place  in 
which  he  is.  That  is,  something  that  will  keep  a  man  in  touch 
with  his  surrounding.  For  example,  an  American  boy  should 
be  put  in  touch  with  the  best  of  all  there  is  at  the  present  time 
in  the  United  States.  That  covers  some  education  in  modem 
literature  in  natural  and  physical  science,  in  polities,  in  polit- 
ical economy,  in  sociology,  in  morals,  in  the  conservation  of  the 
natural  resources,  in  criminology,  in  the  government  of  cities. 
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in  sanitation,  in  bacteriology,  in  art,  in  landscape  gardening, 
in  painting,  in  sculpture,  in  flowers,  in  short,  in  everything 
that  tends  to  broaden  and  beautify  a  man's  life.  He  should 
receive  that  kind  of  broadening  culture  that  relates  to  his  life 
and  does  not  relate  to  his  profession  or  pursuit.  That  is  the 
culture  which  will  keep  him  in  touch  with  the  thoughts  of  the 
present  day,  so  that  he  can  read  and  understand  equally  well 
the  Review  of  Reviews,  The  Atlantic  Monthly,  The  Literary 
Digest,  Science  or  almost  any  paper  on  any  subject.  That  is 
my  idea  of  a  broad  culture. 

The  study  of  Latin  and  Greek,  or  even  of  French  and  Ger- 
man, does  not  give  that  kind  of  culture  to-day.  A  study  of 
any  such  old  subject  as  metaphysics  does  not  give  culture 
unless  the  student  goes  into  it  far  enough  to  be  able  to  read 
articles  which  take  up  the  deeper  meanings  of  the  subject, 
expounding  the  principle  of  metaphysics  as  applied  to  modern 
psychology.  In  other  words,  the  student  does  not  need  a 
knowledge  of  the  ancients  in  order  to  be  an  educated  man. 
He  should  be  educated  in  the  things  that  pertain  to  the 
present  day.  I  fear  that  the  American  educational  system  is 
neglecting  the  great  basis  of  real  culture.  In  a  recent  report 
of  the  Commissioner  of  Education  I  found  a  very  full  dis- 
cussion on  German  education.  In  every  high  school  and  pre- 
paratory school  a  large  amount  of  the  time  is  devoted  to 
drawing.  In  the  report  of  the  American  school  drawing  was 
scarcely  mentioned.  In  Germany,  drawing  is  considered  an 
essential  part  of  the  education  of  everj'  boy  and  girl.  It  is 
considered  in  this  country  a  side  issue.  The  Germans  are 
therefore  better  cultured  to-day  than  we  are  in  this  direction. 

President  Humphreys  :  Broadly,  I  am  opposed  to  any  such 
innovation  as  five  or  six-year  courses.  Generally  speaking, 
it  is  absolutely  opposed  to  practical  success  of  the  engineer. 
For  the  same  reason  that  you  have  a  five-year  course,  you 
could  as  well  have  a  six-year,  a  seven-year,  or  an  eight-year 
course.  That  is  the  logical  conclusion  of  every  argument  for 
the  extension  of  the  regular  course  in  engineering  to  five  years. 
The  result  would  be  a  product  incapable  of  doing  anything 
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except  the  work  of  the  college.  The  way  in  which  engineer- 
ing science  is  progressing  to-dav  is  marvellous.  If  we  need 
another  year  to  add  to  our  four-year  course  to-day,  we  should 
certainly  soon  need  another  additional  year.  We  can  never 
cover  the  whole  of  engineering  science  in  a  college  course,  and 
if  we  could  we  would  not  necessarily  produce  engineers.  The 
engineer  must  be  made  outside  in  contact  with  his  fellows  and 
the  problems  of  life,  and  the  quicker  he  gets  out,  with  the 
elements  of  engineering  science  well  impressed  upon  him,  the 
quicker  he  wiU  become  an  engineer  and  the  better  engineer 
he  wiU  be.  The  theory  that  a  capable  engineer  can  be  made 
inside  college  walls,  no  matter  how  accurate  the  teaching  or 
how  good  the  equipment,  is,  to  my  mind,  the  height  of  folly. 
I  feel  very  strongly  on  this  subject.  I  have  had  a  great  deal 
to  do  with  graduates  and  with  the  employers  of  our  students. 
At  Stevens  that  standard  which  we  have  developed  and  main- 
tained has  made  our  students  in  demand  among  employers. 
The  product  of  Stevens  Institute  has  the  reputation  of  being 
fairly  practical.  I  have  myself  employed  probably  two  hun- 
dred of  them,  'My  experience  has  been  that  even  with  these 
men,  as  a  rule,  it  was  necessary  that  they  should  have  about 
three  years,  to  get  a  reasonable  control  of  the  practical  and 
commercial  elements  of  engineering.  Here  they  needed 
guidance  from  me  as  to  their  work  in  the  school  of  experience. 
I  do  not  hesitate  to  say  that  the  longer  a  man  stays  in  college, 
the  more  difficulty  he  experiences  in  getting  outside  experi- 
ence. Therefore,  the  sooner  he  gets  to  work  and  begins  to 
get  his  information  from  experience,  from  actual  work  on  the 
outside,  the  more  speedily  will  he  become  practical.  Let  it 
not  be  understood  that  I  am  opposed  to  a  college  education. 
No  man  living  believes  more  than  I  in  the  value  of  technical 
education,  but  a  man  who  has  a  technical  education  needs  the 
other  education  just  as  much.  Even  in  the  face  of  the  recent 
tremendous  advances  in  engineering  science,  in  choosing  be- 
tween a  school  man  with  no  common  sense  and  with  an  exag- 
gerated idea  of  what  he  has  learned  in  the  school,  and  a 
practical  man  who  has  worked  on  the  outside  and  taken  ad- 
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vantage  of  every  possible  source  of  information,  I  will  take 
the  practical  man  every  time. 

"We  have  arrived  at  a  length  of  course  of  four  years,  and  I 
think  that  after  four  years  devoted  to  a  thorough  and  careful 
study  of  the  fundamental  principles  of  engineering  science, 
a  man  can  go  out  pretty  well  trained  in  these  fundamentals. 
He  will  have  to  specialize,  to  be  sure,  for  no  man  can  at  this 
day  and  age  of  engineering  cover  the  whole  field.  He  must 
specialize,  but  he  should  specialize  chiefly  after  he  graduates. 
He  has  got  to  supplement  his  college  training  with  constant 
study  to  the  day  of  his  death,  if  he  is  going  to  be  of  real  value 
in  his  position. 

Professor  Swain  :  I  am  sorry  to  have  to  disagree  with 
President  Humphreys,  but  I  certainly  do.  Adopting  his 
reasoning,  I  might  argue  that  if  we  only  need  a  four-year 
course,  we  might  also  get  along  with  three  years,  and  if  we 
only  need  a  three-year  course,  we  might  get  along  with  two 
years,  and  if  we  only  need  a  two-year  course  we  might  get 
along  with  a  one-year  course,  and  if  we  only  need  a  one-year 
course,  we  might  get  along  without  any  course  at  all.  It  is 
an  open  question  as  to  how  long  an  engineering  course  ought 
to  be.  There  is  no  inherent  reason  why  four  years  is  just  the 
proper  length.  Forty  years  ago,  when  our  engineering  schools 
were  started,  a  technically  trained  man  was  not  appreciated 
in  this  country  as  he  was  abroad.  Graduates  had  a  hard  time 
to  obtain  employment.  Manufacturing  concerns  did  not  real- 
ize that  they  needed  this  kind  of  man.  The  appreciation  of 
technical  training  has  steadily  increased,  is  greater  now  than 
ever  before,  and  will,  I  believe,  continue  to  increase.  After 
forty  years,  science  has  extended  tremendously  and  in  order 
to  give  a  man  even  the  fundamentals  of  engineering,  more 
time  is  required  than  formerly. 

Moreover,  we  have  begun  to  realize  that  the  object  of  tech- 
nical education  is  not  primarily  to  train  a  man  to  be  a  good 
engineer.  It  is  not  primarily  to  train  him  to  be  successful  in 
his  profession,  but  is  something  broader  and  bigger  that  in- 
cludes that.     The  object  of  education  is  to  train  a  man  to 
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make  the  most  of  his  life,  and  to  lead  the  very  best  and  most 
useful  life  that  is  possible  for  him.  In  order  to  do  that  he 
must  have  much  besides  his  mere  technical  training.  The 
conviction  has  been  growing  for  a  long  time  that  a  four-years' 
course  if  largely  technical,  narrows  a  man's  outlook.  It  does 
not  open  to  him  many  of  the  doors  which  must  be  open  to 
enable  him  to  get  the  greatest  satisfaction  and  enjo%Tnent  out 
of  life,  and  to  be  of  the  greatest  service  in  the  world.  The 
reason  why  colleges  have  been  giving  this  subject  much  atten- 
tion, arranging  their  courses  so  that  a  man  may  have  an  op- 
portunity to  spend  more  time  in  college,  is  that  they  believe 
in  offering  him  every  encouragement  to  enlarge  his  outlook. 
In  lengthening  these  courses  of  study  we  must  of  course  be 
careful  that  we  do  not  add  an3i;hing  which  will  in  any  way 
unfit  the  student  for  practical  work.  There  is  some  danger 
that  in  the  academic  atmosphere  a  man  will  be  so  largely 
removed  from  the  problems  that  will  present  themselves  in 
practical  work  that  too  long  an  exposure  of  this  kind  may  be 
bad  for  him.  "We  must  make  a  man  immediately  useful  in 
his  business  and  we  must  get  him  in  the  habit  of  studying  his 
problems  from  the  utilitarian  side.  "We  must  get  him  inter- 
ested personally  in  such  a  way  that  he  may  be  a  practical  and 
not  a  theoretical  man.  "We  must  encourage  interest  in  outside 
matters,  show  him  how  to  divide  his  attention  between  books 
and  outside  work. 

In  Germany,  if  a  student  wishes  to  become  an  engineer,  he 
goes  through  a  preliminary  training  in  a  gjTunasium  or  ' '  real- 
schule"  and  then  studies  four  years  in  the  technical  school. 
In  France,  he  attends  the  Ecole  Polji:echnique  before  taking 
a  three-year  course  in  the  Ecole  de  Fonts  et  Chaussees.  He 
is  required  to  spend  his  vacations  in  outside  practice  in  the 
engineering  line  for  which  he  is  preparing.  We  are  coming 
to  this  practice  in  the  United  States,  and  it  is  the  proper 
tendency  I  believe. 

Frobably  the  majority  of  students  will  be  best  suited  with 
the  course  of  four  years  but  there  are  many  men  who  can  profit 
by  courses  longer  than  four  years,  just  as  there  are  some  who 
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ought  not  to  be  in  the  technical  school  at  all,  but  in  the  shop. 
The  latter  are  only  fitted  to  do  the  routine  drudgery  of  the 
profession.  "We  ought  to  discriminate  and  discourage  men  of 
only  mediocre  possibilities  from  pursuing  an  extended  course 
of  training.  We  must  deal  differently  with  different  men, 
and  encourage  those  who  really  have  the  greatest  natural 
ability  to  prepare  themselves  most  thoroughly  by  taking  longer 
courses. 

These  five-year  and  six-year  courses  are,  I  believe,  a  very 
necessary  and  important  development  in  our  technical  edu- 
cation. 

Dean  Raymond:  I  heartily  endorse  Professor  Swain's  posi- 
tion. I  want  to  point  out  a  fallacy  suggested  by  President 
Humphreys.  It  is  not  a  choice  between  a  man  of  common 
sense  but  no  education  and  an  educated  man  of  no  common 
sense.  The  selection  is  from  among  the  following:  (a)  A 
man  of  no  common  sense  and  no  education,  (&)  a  man  of 
common  sense  and  no  education,  (c)  a  man  of  no  common 
sense  who  has  education,  and  (d)  a  man  of  common  sense 
who  has  education.  There  can  be  no  question  at  all  as  to 
which  any  one  would  select;  it  would  be  the  second  or  the 
last — and  the  last  shall  be  first. 

Mr.  Kent:  I  am  in  an  unbiased  position  regarding  the 
lengthening  of  the  course  of  study  because  I  have  a  son  to 
educate.  An  older  boy  of  mine  went  through  Stevens  in  four 
years,  having  had  a  machine-shop  experience  before  he  went 
there.  I  am  quite  satisfied  with  the  result  of  his  four-year 
course.  Now  the  problem  comes  up  as  to  the  second  boy, 
whether  to  have  him  take  the  five-year  course  in  school,  or  the 
four-year  course  in  school  with  the  one  or  two  years'  course 
in  the  school  of  "hard  knocks."  I  have  not  heard  here  any- 
thing which  changes  my  opinion.  I  therefore  still  favor  the 
short  course. 

President  Humphreys:  This  discussion  seems  to  be  quite 
abstract  to  me.  Some  of  the  statements  made  need  comment. 
On  any  subject  brought  up  even  before  a  body  of  engineers, 
there  would  be  as  many  interpretations  of  what  was  said  as 
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there  were  members  of  the  profession  present.  However,  I 
do  not  understand  how  I  can  be  put  in  the  position  of  not 
believing  in  college  education.  If  any  man  believes  in  breadth 
of  education  in  connection  with  engineering  science,  I  do.  I  do 
not  want  any  man  in  my  employ  unless  he  has  breadth.  At  Ste- 
vens our  course  is  so  designed  as  to  give  that  very  breadth  of  un- 
derstanding and  appreciation.  It  is  planned  to  give  the  under- 
graduates that  much-needed  appreciation  of  that  which  can 
be  obtained  from  the  outside  as  well  as  that  from  inside  the 
college.  I  distinctly  believe  that  the  effect  of  keeping  a  man 
in  college  too  long  is  to  narrow  him.  I  think  I  can  safely  say 
that  many  of  the  members  of  our  faculty  are  stronger  in  their 
positions  and  in  other  ways  than  are  the  members  of  the 
faculties  in  some  other  colleges.  This  is  because  they  are  in 
touch  with  outside  life,  with  practical  work.  They  are 
broadened  by  coming  in  contact  with  their  fellows  and  meet- 
ing and  overcoming  the  actual  problems  of  life. 

Because  I  say  that  four  years  is  long  enough  it  does  not 
by  any  means  follow  that  three  years  or  two  years  or  one  year 
would  do  the  work.  "We  have  tried  the  four-year  course  for 
many  years  and  find  that  it  gives  a  good  foundation  upon 
which  later  to  build  the  superstructure.  As  to  culture,  a  man 
who  has  finished  four  years  in  high  school,  and  after  that 
completes  a  four-year  college  course,  should  at  least  have  some 
of  the  elemental  features  of  culture.  If  he  has  made  the  most 
of  his  time  and  has  any  degree  of  efficiency  in  his  work,  he 
ought  to  be  able  to  occupy  a  position  requiring  some  culture, 
and  he  should  gain  in  culture  from  day  to  day.  The  idea  that 
we  must  artificially  create  culture  seems  to  me  a  ridiculous 
proposition.  All  educational  processes  should  be  cultural  if 
properly  offered  and  properly  preserved. 

Mr.  Pratt  :  I  would  like  to  ask  President  Humphreys  how 
one  is  to  know  when  an  engineer  is  competent.  For  example, 
let  a  man  work  as  an  engineer  in  an  automobile  establishment 
until  he  is  able  to  run  an  automobile  business.  He  makes  that 
a  specialty.  Then,  if  he  should  lose  his  job  there  and  go  into 
some  other  branch  of  engineering,  hydraulic  engineering  for 
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instance,  he  would  not  be  considered  capable.  As  far  as 
hydraulics  is  concerned  he  would  not  be  considered  an  engi- 
neer, as  his  training  had  been  in  an  altogether  different  direc- 
tion. That  is,  a  man  who  is  an  engineer  in  the  automobile 
industry  is  not  an  engineer  in  the  hydraulic  industry.  The 
great  question  is,  when  shall  we  call  a  man  an  engineer;  what 
qualifications  must  he  have  that  he  may  properly  be  so-called  ? 

President  Humphreys:  It  is  not  important  what  we  call 
ourselves,  or  what  the  world  calls  us.  It  is  what  you  can  do  or 
what  I  can  do,  it  is  not  what  we  are  called,  but  what  we  are, 
that  counts. 

Professor  Allen:  Allow  me  to  record  my  opinion  that  as 
the  greater  part  of  the  engineering  work  is  done  by  young 
men,  it  is  a  mistake  for  them  to  maintain  a  student  attitude 
for  a  longer  period  than  four  years.  I  believe  in  post-grad- 
uate work  for  a  limited  number  of  men  who  have  a  make-up 
such  that  they  can  make  a  success  of  life  in  spite  of  the  handi- 
cap of  longer  periods  of  study.  Our  four-year  course  has  been 
successful ;  it  has  been  successful  as  indicated  by  the  fact  that 
engineering  courses  in  colleges  generally  have  been  growing 
very  rapidly  as  compared  with  the  academic  courses.  The 
course  is  a  success  as  measured  by  the  demand  for  our  gradu- 
ates, and  by  the  successful  work  of  our  graduates.  In  my 
judgment,  we  should  be  very  slow  in  disturbing  a  successful 
condition  until  it  has  been  demonstrated  by  trial  on  a  limited 
scale  that  the  five-year  course  does  on  the  whole  constitute 
an  improvement. 

Professor  A.  E.  Haynes  (by  letter). — The  trend  of  modern 
education  is  more  and  more  towards  the  practical;  it  insists 
that  the  student  shall  be  taught  to  think  and  to  so  apply  his 
thinking  as  to  add  material  helpfulness  to  the  world.  It 
demands  both  the  "cunning  hand"  and  the  "cultured  brain." 
And  thus  we  are  brought  face  to  face  with  the  problem  of  the 
proper  adjustment  between  the  so-called  culture  studies  and 
the  so-called  practical  studies.  This  problem  concerns  not  the 
college  of  engineering  alone;  it  is  vitally  insistent  in  our 
whole  sj-stem  of  education.  It  includes  both  the  kindergarten 
and  the  university. 
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The  marv'elous  development  of  science  and  of  the  scientific 
method  within  a  comparatively  short  period,  are  largely  re- 
sponsible for  the  problem  which  now  confronts  the  educational 
world.  One  of  the  most  interesting  results  of  this  develop- 
ment is  the  elective  system  which  is  a  distinct  advance  in 
education.  The  effect  on  our  engineering  courses  has  been 
to  largely  deprive  them  of  the  so-called  culture  studies.  To 
bring  about  a  proper  adjustment  between  such  studies  and 
those  of  science,  in  the  professional  schools,  there  have  been 
proposed  thus  far,  two  solutions;  (1)  to  insist  upon  one  or 
more  years  of  academic  training  before  the  professional  course, 
and  (2)  to  lengthen  the  course,  so  that  it  may  include  more 
culture  subjects. 

In  the  University  of  Minnesota  both  of  these  solutions  are 
being  tried.  Both  alike  insist  upon  a  previous  preparatory 
high  school  course  of  four  years.  In  the  College  of  Medicine 
and  Surgery,  two  years  of  college  academic  work  must  pre- 
cede the  four-years  medical  course  proper,  and  so  the  medical 
course  becomes  really  a  six-year  course.  In  the  College  of 
Engineering  the  course  has  been  lengthened  to  five  years,  the 
degree  of  B.S.  being  given  at  the  end  of  four  years  and  that 
of  engineer,  upon  the  successful  completion  of  the  full  five- 
year  course. 

Two  principal  reasons  have  been  given  for  this  lengthening 
of  the  course :  (1)  The  lack  of  time  to  make  the  present  course 
as  thorough  as  is  desirable,  and  (2)  the  lack  of  culture  studies 
in  this  course.  It  is  hoped,  in  this  extra  year,  to  overcome  both 
of  these  defects.  The  course  has  been  so  arranged  as  to  make 
the  last  year  almost  wholly  technical  and  the  earlier  years 
much  less  so.  Thus  the  student  may,  in  the  first  four  years, 
get  a  fairly  representative  scientific  course,  but  in  order  to 
secure  the  engineering  degree,  he  must  add  this  year  of 
technical  work. 

The  desire  to  find  a  quick  road  to  becoming  an  artisan,  and 
a  wage  earner,  through  learning  some  of  the  elements  of  engi- 
neering, has  brought  to  the  engineering  colleges  many  who  are 
not,  by  nature,  fitted  to  become  engineers.     The  new  course 
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•vrill  encourage  such,  men  to  stop  at  the  proper  point,  while 
it  will  encourage  the  student  who  has  in  him  the  making  of 
an  engineer  to  keep  on  until  he  has  given  sufficient  evidence 
of  his  right  to  be  so  designated. 

The  proof  of  the  wisdom  of  this  action  remains  to  be  seen, 
and  "will  be  awaited  with  much  interest.  If  it  is  entirely  suc- 
cessful, it  will  be  an  interesting  illustration  of  the  meeting 
of  the  double  demand  for  intelligent  artisans  and  skilled 
artists  by  a  single  course.  In  the  opinion  of  the  writer,  it 
cannot  fail  in  helping  to  meet  the  demand  for  a  higher  grade 
of  engineers. 


EMPLOYERS'    REQUIREMENTS    OF    TECHNICAL 
GRADUATES. 

BY  HUGO  DIEMEE, 
Professor  of  Industrial  Engineering,  Pennsylvania  State  College. 

What  qualifications  do  employers  most  desire  in  graduates 
from  a  course  in  mechanical  engineering  ?  In  order  to  answer 
this  question  a  circular  letter,  enclosing  a  blank  form  for 
reply,  was  sent  to  720  manufacturers  of  machinery,  etc.,  in  the 
state  of  Pennsylvania  and  to  30  manufacturers  outside  of  the 
stat-e.  As  far  as  could  be  ascertained  only  such  companies 
were  included  as  operated  plants  of  sufficient  magnitude  to 
warrant  the  emplo^Tnent  of  technical  help,  viz.,  those  having 
a  financial  rating  of  over  $100,000  and  employing  over  100 
men.  The  reason  for  confining  this  list  almost  exclusively 
to  Pennsylvania  was  because  the  data  were  collected  for  the 
Pennsylvania  State  College.  The  thirty  concerns  outside  the 
state  were  well-known  employers  of  technical  graduates,  most 
of  whom  had  previously  employed  graduates  from  the  mechan- 
ical engineering  course  of  the  college.  283  responses  were 
received,  including  161  from  firms  which  had  not  employed 
technical  graduates  and  did  not  expect  to.  Among  the  latter 
were  several  builders  of  well-known  steam  engines  and  other 
high-grade  machinery.  95  of  the  283  had  employed  technical 
graduates,  but  had  no  openings  in  June,  1908,  owing  to  the 
industrial  depression,  but  hoped  to  have  openings  later  on. 
Out  of  the  283,  27  had  employed  technical  graduates  and 
expected  to  have  openings  for  graduates. 

The  first  question  asked  was :  ' '  "Wliat  personal  qualifica- 
tions as  to  character  and  temperament  should  an  applicant 
possess,  aside  from  technical  preparation?" 

The  answers  to  this  question  "with  numbers  of  firms  agree- 
ing were:  Good  habits,  clean  manhood,  temperance  and  so- 
briety (25) ;  Steadiness  and  application  (20)  ;  Obedience  to 
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superiors,  disposition  to  submit  to  discipline,  and  receive  direc- 
tions in  an  agreeable  manner  (17)  ;  abilitj^  to  know  men  and 
to  get  along  with  them  (12)  ;  industry-  (12)  ;  integrity  (11)  ; 
patience  and  perseverance  (11) ;  energy  and  forcefulness  (7)  ; 
self-reliance  (6)  ;  speed,  hustle  (6)  ;  common  sense  (6)  ;  am- 
bition, desire  to  advance  through  work  (6)  ;  interest  in  work 
(5)  ;  even  temper  and  self-control  (5)  ;  address  and  appear- 
ance (5)  ;  good  health  and  good  constitution  (5)  ;  cheerful- 
ness (4)  ;  initiative  (4)  ;  tact  and  diplomacy  (4)  ;  thorough- 
ness (4) ;  loyalty  (3)  ;  adaptability  (3)  ;  discrimination  (2)  ; 
executive  ability  (2)  ;  stability  (2)  ;  versatility,  confidence, 
coolness,  neatness,  ner\"e,  promptness  (one  each). 

The  above  tabulation  does  not  pretend  to  be  a  statement  of 
the  order  of  importance  of  the  qualifications  mentioned,  but  it 
is  a  gauge  of  what  qualifications  are  most  desired  by  the 
majority  of  employers.  Xo  doubt  each  of  the  manufacturers 
who  demanded  good  habits  and  clean  manhood  would  say  ' '  Of 
course,  we  must  also  have  promptness."  But  it  is  significant 
that  the  largest  number  demand,  as  the  prime  requisite,  good 
habits  and  clean  manhood;  the  next  largest  number  demand 
steadiness  and  application;  and  the  third  largest  number  de- 
mand obedience  to  superiors,  disposition  to  submit  to  disci- 
pline and  to  receive  directions  in  an  agreeable  manner. 

The  second  question  asked  was:  ""What  technical  studies 
would  best  equip  a  candidate  to  fit  your  needs?" 

The  answers  to  this  question  do  not  indicate  quite  as  much 
unanimity  as  might  be  expected,  and  range  as  follows: 

General  mechanical  engineering  (29)  ;  electrical  engineer- 
ing (16)  :  chemistiy-,  especially  chemistry  of  iron  (13)  ;  mathe- 
matics (10)  ;  applied  mechanics  (10)  ;  machine  design  (9) ; 
machine  shop  practice  (7) ;  structural  design  (7) ;  foundry 
practice  (6)  :  fundamentals,  foundation  principles  (6)  ;  draw- 
ing (6)  ;  patternmaking  (5)  ;  steam  engineering  (5)  ;  metal- 
lurgy (4)  ;  gas  engine  (4) ;  hydraulics  (3)  :  quantity  produc- 
tion and  rapid  manufacturing  processes  (2)  ;  air  compressors 
(2)  ;  boiler  practice  (2)  ;  forging  (2)  ;  kinematics,  hot  blast 
heating,  gas  analysis,  producer  gas,  strength  of  materials, 
thermodynamics  (one  each). 
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The  answers  indicate  that  the  general  line  of  studies  in 
mechanical  and  electrical  engineering  represent  the  technical 
instruction  that  is  desired  by  most  emploj'ers.  It  is  noticeable 
that  so  many  lay  stress  on  applied  mechanics  and  chemistry, 
especially  chemistrv"  of  iron.  The  fact  that  several  replies 
included  structural  design — a  subject  not  generally  included 
in  mechanical  engineering  courses — is  also  significant. 

The  third  question  asked  was:  ""WTiat  general  non-technical 
studies  would  best  equip  a  candidate  for  your  needs?" 

A  summary  of  the  answers  to  this  question  follows:  Busi- 
ness practice  and  methods,  system,  cost-keeping  and  account- 
ing (23)  ;  English  (18)  ;  shop  management  and  economics  (6)  ; 
salesmanship  (5)  ;  German  (4) ;  Penmanship  (4)  ;  "academic" 
(3)  ;  "any  that  broaden  and  refine"  (2)  ;  French  (2)  ;  com- 
mercial law,  sociology,  history,  "to  read  the  language  that 
machinery'  talks"  (one  each). 

The  fact  that  such  a  great  preponderance  of  answers  to 
this  question  cover  business  practice  and  methods,  system  and 
cost-keeping  ought  to  be  conclusive  evidence  that  such  work 
should  be  included  in  a  mechanical  engineering  course  as  a 
major  study,  and  not  as  a  topic  to  be  listed  as  a  one-hour- 
per-week  lecture  subject  to  be  lightly  browsed  over  during 
the  last  semester  of  the  senior  year.  It  is  also  self-evident  that 
English  must  be  taught  until  the  employer  is  satisfied  with  the 
English  of  the  technical  graduate.  The  fourth  question  asked 
was:  "Have  you  been  an  employer  of  technical  graduates 
heretofore  1  If  so,  have  you  found  them  satisfactory  ? ' '  This 
question  was  answered  by  98  of  the  122  who  had  employed 
technical  graduates,  a  sum  man'  of  the  answers  being  as  fol- 
lows: Very  satisfactory^  (3);  satisfactory  or  generally  satis- 
factory (51)  ;  fairly  satisfactory  (5)  ;  "about  70  per  cent, 
have  qualified"  (1)  ;  "in  some  cases"  (7) ;  "in  a  way"  (1) ; 
"about  the  same  as  those  without  such  preparation"  (1) ; 
"only  as  draftsmen"  (2);  "not  always"  (5);  "not  satis- 
factory" (22). 

Summary-:  Affirmative  (60);  undecided  (15);  negative 
(22). 
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The  fifth  question  was :  "  In  what  particular  have  you  found 
them  most  deficient?" 

The  answers  to  this  question  show  even  greater  unanimity 
than  those  to  any  of  the  other  questions,  and  may  be  summa- 
rized as  follows:  "Do  not  appreciate  their  lack  of  practical 
knowledge,  nor  the  facts  of  the  knowledge  of  the  (to  them) 
uneducated  man.  Unwilling  to  continue  practical  shop  experi- 
ence long  enough.  Unwilling  to  start  at  bottom  and  obey 
orders.  Do  not  understand  that  they  must  begin  at  the 
bottom  and  that  their  education  should  make  them  better 
climbers  instead  of  putting  them  at  the  top  right  away."  (45). 
"Exaggerated  idea  of  the  immediate  value  of  their  services. 
Too  impatient  to  get  ahead.  Want  to  be  managers  before 
they  have  learned  the  details"  (14).  Lack  of  understanding 
of  bearing  of  technical  data  to  everyday  work  (6)  ;  lack  of 
resourcefulness  and  of  applying  elementary  principles  in 
solving  problems  (6)  ;  lack  of  application  (4)  ;  lack  of  knowl- 
edge of  value  of  time  (3)  ;  lack  of  common  sense  (3)  ;  lack 
of  knowledge  of  rudiments  of  business  practice  (3)  ;  lack  of 
knowledge  of  good  English  (3)  ;  inaccuracy  in  numerical  work 
(2)  ;  lack  of  system  (1)  ;  too  anxious  to  get  into  testing  de- 
partment (1)  ;  characterized  by  a  crazy  desire  to  get  into 
designing  department  (1). 

A  particularly  noticeable  feature  of  the  returns  from  those 
manufacturers  who  answered  the  form  letter,  was  the  fact  that 
so  large  a  proportion  accompanied  the  return  form  by  a 
cordial  letter  indicating  their  approval  of  the  investigation 
and  their  willingness  to  cooperate.  A  few  of  the  remarks  in 
this  connection  are  quoted  below: 

"We  think  that  your  plan  of  obtaining  information  as  to 
employers'  requirements  is  an  excellent  one,  and  we  wish  you 
success. ' ' 

"We  wish  to  congratulate  you  for  your  interest  in  this 
matter,  and  as  we  have  in  the  past  been  on  the  lookout  for  men 
who  have  had  the  instruction  which  your  students  apparently 
have,  we  will  be  very  glad  to  advise  you  when  we  are  again 
ready  to  take  on  new  men." 
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' '  The  writer  will  assure  you  that  there  is  a  demand  for  such 
men  far  in  excess  of  the  supply  in  our  particular  line  of 
business. ' ' 

"We  appreciate  the  good  work  you  are  doing,  which  we 
think  will  work  both  to  the  benefit  of  the  graduates  and  to  the 
benefit  of  the  manufacturers  of  the  state." 

' '  Your  letter  covers  a  list  of  questions,  amongst  which  is  one, 
'In  what  particular  have  you  found  them  most  deficient?' 
This  question  goes  largely  to  the  root  of  the  trouble  which  the 
students  of  technical  colleges  have  to  encounter,  namely  an 
appreciation  of  their  lack  of  knowledge. ' ' 

"The  training  is  too  special  and  the  boys  get  discouraged 
before  they  can  get  properly  settled  into  place  and  ready  to 
take  the  commanding  positions  which  their  training  has  par- 
tially fitted  them  for." 

"I  want  to  take  this  opportunity  to  congratulate  you  on 
your  system  of  bringing  these  matters  to  the  attention  of  those 
most  interested.  So  far  as  I  am  aware  practically  all  of  the 
other  colleges  could  imitate  you  to  advantage.  In  the  recent 
discussion  concerning  the  immediate  practical  value  to  the 
employer  and  student  of  a  technical  education,  it  appears  to 
be  fully  recognized  that  there  is  something  radically  wrong 
with  the  courses  as  they  are  now  conducted,  but  no  college 
seems  to  be  able  or  willing  to  make  such  changes  as  the  needs 
of  the  students  and  employers  alike  demand.  Should  the  col- 
leges take  your  method  of  finding  out  what  was  desired  I 
believe  they  would  have  less  difficulty  in  reaching  a  decision 
which  would  be  of  advantage  to  themselves  and  their 
graduates. ' ' 

After  compiling  the  results  of  the  above  canvass,  I  con- 
cluded that  it  might  be  well,  before  closing  the  investigation, 
to  visit  personally  a  number  of  manufacturers  in  the  state  of 
Pennsylvania,  feeling  that  these  men  might  give  me  their 
views  of  the  matter  more  freely  during  a  personal  interview 
than  they  would  in  writing.  Accordingly  the  mail  inquiry 
was  supplemented  by  a  number  of  interviews  with  presidents' 
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and  managers  of  some  of  the  leading  manufacturing  indus- 
tries of  the  state. 

A  number  of  these  gentlemen  believed  that  the  engineering 
courses,  as  now  given  did  not  tend  to  equip  the  student  for 
ultimate  executive  or  administrative  work.  At  the  same  time 
these  same  gentlemen  admitted  that  a  graduate  from  a  course 
in  arts  who  expects  to  become  interested  in  a  manufact;uring 
enterprise  is  without  the  technical  knowledge  which  is  abso- 
lutely essential  in  a  training  for  the  industries. 

By  comparing  the  course  in  mechanical  engineering  as  now 
given  in  a  number  of  representative  American  engineering 
schools,  it  will  be  seen  that  the  amount  of  time  devoted  to 
any  one  branch  and  to  groups  of  allied  branches  differs  widely, 
so  that  if  one  will  take  the  average  time  devoted  to  engineering 
fundamentals  in  these  schools,  and  then  note  the  minimum 
time  devoted  to  these  same  fundamentals  by  certain  successful 
institutions,  it  appears  that  without  even  confining  one's 
self  to  the  minimum  times,  a  schedule  of  fundamentals  in 
engineering  could  be  laid  out  that  would  still  leave  available 
a  considerable  part  of  the  four-years  course  for  those  branches 
which  would  train  the  graduate  for  industrial  management. 

"When  these  statistics  were  presented  to  the  dean  of  the 
school  of  engineering  of  the  Pennsylvania  State  College,  Pro- 
fessor John  Price  Jackson,  he  expressed  the  sentiment  that  the 
land  grant  colleges  should  be  the  schools  whose  graduates 
should  be  of  benefit  to  the  manufacturer  of  the  states  which 
support  them.  He  had  already  given  considerable  thought 
to  the  subject  of  industrial  engineering,  and  as  a  result  sug- 
gested that  a  course  be  mapped  out  to  meet  the  demands  as 
above  expressed.  A  tentative  course  in  industrial  engineering 
was  accordingly  laid  out  and  described  in  the  Engineering 
Magazine  in  June,  1908.*  The  freest  criticisms  of  this  tenta- 
tive course  were  invited.  These  criticisms  were  carefullj'  con- 
sidered and  the  course  worked  over  from  time  to  time  during 
the  past  year.  The  course  as  finally  adopted  presents  less  in 
the  way  of  radical  departures  from  present  engineering  courses 
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than  the  tentative  outline.  The  first  two  rears  mar  be  taken 
in  any  of  the  other  courses  in  engineering.  In  the  junior  and 
senior  years  of  the  new  course  in  industrial  engineering  the 
following  work  is  included,  which  is  not  given  in  the  course 
in  mechanical  engineering:  Shop  methods  and  processes,  one 
hour  per  week  (one  semester)  ;  shop  time  study,  five  hours  per 
week  (one  semester)  ;  corporation  accounting,  three  hours 
per  week  (one  semester)  ;  logic,  three  hours  per  week  (one 
semester)  :  shop  time  taking  and  cost  keeping  (fifty  actual 
hours)  :  shop  economics,  five  hours  per  week  (one  semester)  ; 
labor  problems,  four  hours  per  week  (one  semester)  ;  railroad 
economics,  three  hours  per  week  (one  semester)  ;  factory 
planning,  four  hours  per  week  (one  semester)  ;  psychology, 
four  hours  per  week  (one  semester). 

Some  of  the  specialized  work,  such  as  gas  engines,  steam 
turbines  and  advanced  machine  design,  has  been  omitted  to 
permit  the  scheduling  of  the  new  work.  In  other  particulars 
the  course  is  identical  with  the  course  in  mechanical  engineer- 
ing. It  includes  all  of  the  mathematics,  applied  mechanics, 
and  hydraulics,  that  is  contained  in  the  course  in  mechanical 
engineering,  and  the  work  in  engines,  boilers  and  power  plants 
is  equivalent  to  that  given  in  the  course  in  electrical  engi- 
neering. 


STATISTICS  OF  THE  GRADUATES  IN  ENGINEER- 
ING FROM  THE  UNIVERSITY  OF  MICHIGAN.* 

BY  DEAN  M.  E.  COOLEY  AND  PKOFESSOR  J.  A.  MOYER, 

Of  the  Department   of  Mechanical  Engineering,  University 
of  Michigan. 

In  the  legislative  act  under  which  the  University  of  Michi- 
gan was  organized  in  1837,  provision  was  made  for  instruc- 
tion in  engineering.  Engineering  subjects  were  taught  for 
the  first  time  in  1853,  and  the  first  degrees  in  engineering 
were  conferred  in  1860.  The  engineering  courses  were  offered 
in  the  Department  of  Literature,  Science  and  the  Arts  until 
the  close  of  the  school  year  1894r-95,  at  which  time  the  Depart- 
ment of  Engineering  was  organized  as  a  separate  school. 

The  rapid  growth  of  engineering  schools  during  recent 
years  has  excited  widespread  interest.  It  has  often  been 
asked  what  will  the  graduates  find  to  do  if  this  growth  con- 
tinues; how  successful  are  they;  is  engineering  a  good  pro- 
fession ;  is  an  engineering  degree  really  necessary  to  success ; 
and  would  not  the  four  years  required  to  obtain  a  degree  be 
better  expended  in  practical  work?  The  answer  must  neces- 
carily  vary  with  environment  and  with  individuals.  An  at- 
tempt has  been  made  towards  a  general  answer  by  presenting 
statistics  showing  the  careers  of  graduates  of  some  of  the  lead- 
ing schools,  those  from  Stevens  Institute  of  Technology  and 
Pratt  Institute  presented  last  year  being  very  valuable. 

The  University  of  Michigan  has  for  a  number  of  years  been  at 
work  on  a  record  of  its  graduates  which  is  now  very  complete. 
It  is  kept  up  to  date  by  having  each  graduate  correct  his  own 
record  once  a  year.  When  the  annual  letter  was  sent  out  in 
the  winter  of  1907-08,  a  card  was  inclosed  asking  each  gradu- 
ate to  give — (1)  the  year  of  his  graduation,  (2)  his  occupa- 

*  A  comparison  of  this  paper  with  that  by  Professor  F.  DeR.  Furman, 
see  Proceedings,  Vol.  XVI,  p.  307,  will  be  of  interest.     Ed. 
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tion,  (3)  his  title  or  rank,  (i)  his  estimated  present  annual 
income  from  professional  or  business  efforts,  (5)  his  income 
from  other  sources,  and  (6)  his  total  income.  Realizing  that 
some  would  object  to  disclosing  information  so  personal,  the 
cards  were  to  be  unsigned  and  returned  in  separate  envelopes 
(inclosed  for  the  purpose),  and  those  who  had  graduated  prior 
to  1887,  when  the  classes  were  small,  were  not  to  give  the  date 
of  graduation. 

The  response  was  very  general.  At  that  time  there  were 
1,378  graduates  of  whom  89  were  deceased.  Of  the  1,289  liv- 
ing graduates,  no  answers  to  the  annual  letter  have  been  re- 
ceived from  55.  From  the  1,234  who  answer  regularly  980 
cards  were  received.  The  larger  number  by  far  of  those  who 
did  not  return  cards  were  among  the  \ery  recent  graduate  5, 
those  who  had  not  yet  got  started  owing  to  the  business  de- 
pression in  1907. 

The  information  to  be  presented  consists  of  two  parts :  first, 
the  careers  of  the  graduates,  compiled  mainly  from  the  Regis- 
ter of  Alumni,  published  in  the  general  announcement  of  thc^ 
department  for  the  year  1907-08 ;  and  second,  their  earning 
capacity,  compiled  from  the  cards  returned. 

The  careers  are  given  in  detail  by  years  in  Table  I.  covering 
the  period  from  1860  to  1907.  For  convenience  42  classifi- 
cations were  chosen,  the  totals  in  each  classification  (see  last 
column)  being  as  follows:  architects  9,  army  officers  1,  astron- 
omers 4,  bankers  6,  chemical  engineers  21,  chief  engineers  64, 
civil  engineers  183,  clerical  positions  9,  college  professors  35, 
consulting  engineers  45,  contracting  engineers  16,  draughts- 
men 127,  electrical  engineers  69,  engineering  apprentices  37, 
engineers  (general)  22,  forestry'  and  horticulture  8,  inspectors 
40,  inventors  1,  la^^yers  and  patent  attorneys  18,  managers  81, 
manufacturers  15,  marine  engineers  3,  mechanical  engineers 
60,  merchants  6,  mining  engineers  9,  missionaries  1,  patent 
examiners  8,  physicians  2,  presidents  29,  sales  engineers  42, 
secretaries  9,  special  government  experts  1,  students  11, 
superintendents  111,  teachers  43,  treasurers  22,  U.  S.  com- 
missioners 2,  vice-presidents  19,  miscellaneous  35,  retired  10, 
deceased  89,  no  record  available  55,  total  1,378. 


INSERT  FOLDOUT  HERE 
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The  number  of  graduates  for  each  year  since  1860  is  given 
in  the  lower  line  of  the  table,  and  is  also  shown  graphically 
in  Fig.  1. 

From  Table  I.  two  other  tables  have  been  compiled,  giving  the 
percentage  of  graduates  occupying — (1)  responsible  positions. 
(2)  non-responsible  positions,  (3)  retired  and  (4)  no  record 
available.  Table  II.  gives  this  information  for  each  of  the 
years  1877,  1882,  1887,  1892.  1897,  1902  and  1907,  and  Table 
III.  for  the  groups  of  graduates  in  the  five-year  periods  be- 
tween the  years  of  Table  II. 


TABLE    II.     Percentage   Classification   of   Liying    Graduates    by 
Single  Classes  at  5- Year  Intervals. 


1877 

30  yrs. 

out. 

1882 

25  yrs. 

out. 

1887 

20  yrs. 

out. 

1892 

15  yrs. 

out. 

1897 

10  yrs. 

out. 

1902 
oyre. 
out. 

1907 
Oyrs. 
out. 

Responsible  positions. 

Kon-responsible  positions. 

Retired. 

No  record  available. 

100% 
0 
0 
0 

100% 
0 
0 
0 

92% 
8 
0 
0 

85% 
15 

0 

0 

63% 
35 

0 

2 

42% 
65 

0 

3 

10% 

77 

0 

13 

TABLE   III.     Percentage   Classification   of  Living   GRAorATES   by 
5-Year  Groups. 


Responsible  positions. 

I^  on -responsible  positions. 

Retired. 

No  record  available. 


lS78-'82 

lS83-'87 

188S-'92 

1893-'97 

1898-'02   i 

inclusiTe.  inclusive. 

inclusive. 

inclusive. 

incluBive. 

94% 

93% 

84% 

65% 

52% 

3 

5 

14 

32 

42 

0 

0 

0 

1 

1 

3 

2 

2 

2 

2 

190S-'07 


24% 
69 
0 


Mr.  Kent:  How  do  you  separate  the  responsible  and  non- 
responsible  positions?  What  do  you  call  a  responsible  posi- 
tion, and  what  a  non-responsible  position  ? 

Dean  Cooley:  In  classifying,  a  man  was  considered  to 
occupy  a  "responsible  position"  as  distinguished  from  a 
"non-responsible  position"  whenever  his  work  was  of  a  char- 
acter to  require  him  to  exercise  his  own  judgment  rather  than 
to  foUow  the  judgment  of  another.     More  specifically,  army 
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oflScers,  astronomers,  bankers,  chief  engineers,  consulting 
and  contracting  engineers,  college  professors,  managers, 
manufacturers,  presidents,  vice-presidents,  secretaries,  trea- 
surers, superintendents  and  government  commissioners  were 
put  in  the  first  class,  while  draughtsmen,  inspectors,  sales- 
men, teachers,  clerks,  engineering  apprentices,  and  students 
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Fig.  2.     Percentage  of  classes,  at  five-year  intervals,  in  responsible  and 
non-responsible  positions. 


were  put  in  the  second  class.  Those  reporting  themselves 
under  the  general  heads  of  architects,  civil,  mechanical,  elec- 
trical, chemical  and  marine  engineers,  were  classified  in  ac- 
cordance with  the  details  of  their  records,  some  in  the  first 
class,  the  rest  in  the  second. 

It  appears  from  Table  II.  that  for  students  who  have  but 
recently  graduated  10  per  cent,  found  themselves  in  respon- 
sible positions  inside  of  six  months;  42  per  cent,  at  the  end 
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of  5  years ;  63  per  cent,  at  the  end  of  10  years :  85  per  cent, 
at  the  end  of  15  years ;  92  per  cent,  at  the  end  of  20  years ; 
and  100  per  cent,  after  25  years.  These  percentages  are  shown 
graphically  in  Fig.  2. 

Considering  the  five-year  groups  in  Table  III.,  24  per  cent, 
found  themselves  in  responsible  positions  during  the  first  five 
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Fig.  3.     Percentages  of  graduates  in  five-year  groups  in  responsible  and 
non-responsible  positions. 


years  out  of  college :  52  per  cent,  during  the  second  five  years ; 
65  per  cent,  during  the  third  five  years ;  84  per  cent,  during 
the  fourth  five  years:  93  per  cent,  during  the  fifth  five  years; 
and  94  per  cent,  during  the  sixth  five  years.  These  percentages 
are  shown  graphically  in  Fig.  3. 
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The  earning  capacity  of  the  graduates  is  given  in  Figs.  4, 
5  and  6.  In  Fig.  4  the  average  salary  for  each  class  has  been 
plotted ;  that  is,  for  each  class  since  1887  the  diifferent  salaries 
reported  have  been  summed  and  divided  by  the  number  re- 
porting in  each  class.  Prior  to  1887,  as  the  year  of  graduation 
was  not  required  to  be  stated  on  the  cards,  the  average  has 
been  taken  of  all  the  salaries  reported  and  this  average  is 
plotted  on  a  straight  line.  It  appears  that  for  the  first  year, 
after  leaving  college,  the  average  salary  was  a  little  more  than 
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Fig.  i.     Average  salary  for  each  class. 


$900.  A  steady  and  fairly  uniform  increase  is  shown  each 
year  for  fifteen  years  at  which  time  the  salary  was  between 
$4,300  and  $4,400.  After  this  there  was  greater  variation  due 
to  some  unusually  large  salaries.  If  these  larger  salaries  be 
eliminated,  the  yearly  increase  would  be  fairly  uniform  from 
$900  the  first  year,  up  to  $6,000  the  twentieth  year.  After 
twenty  years  the  information  received  shows  an  average  salary 
of  about  $5,600. 

In  Fig.  5  the  average  total  income  has  been  plotted.  The 
yearly  increase  and  variations  correspond  in  general  with 
those  shown  in  Fig.  4.    During  the  first  year  the  average  was 
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a  little  less  than  $1,000.  which  increases  np  to  between  $4,700 
and  $4,^^  at  the  end  of  fifteen  rears;  and,  eliminating  the 
nnusiiallj  large  incomes  for  one  year,  the  yearly  increase 
would  be  fairly  ttniform  np  to  $7,500  or  $8,000  the  twentieth 
year,  with  an  average  of  $7,300  after  twenty  years. 
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Fig.  5.     Average  total  income  for  e^L   :.:.?;. 

In  Fig.  6,  the  Tariations  in  salary  for  each  class  have  been 
plotted:  that  is,  the  maxiTnTiTn  and  the  minimnm  salaries  are 
shown  at  the  extremities  of  the  heavy  vertical  lines,  the  average 
salary  is  shown  by  the  points  l^etween  them.  These  interme- 
diate points  are  connected  by  the  broken  line  of  Fig.  4. 

Approximately,  the  salary  varied  the  first  year  from  $0  to 
$2,000,  mean  $900;  the  second  year,  from  $500  to  $4,500. 
mean  $1,300;  the  third  year,  from  $0  to  $2,400,  mean  $1,300: 
the  fourth  year,  from  $900  to  $5,500,  mean  $1,700 ;  the  fifth 
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year,  from  $1,200  to  $4,000.  mean  $1,900;  the  sixth  year,  from 
$1,200  to  $7,500,  mean  $2,500 ;  the  seventh  year,  from  $1,000 
to  $6,000,  mean  $2,100 ;  the  eighth  year,  from  $1,200  to  $8,000, 
mean  $2,600;  the  ninth  year,  from  $1,000  to  $6,000,  mean 
$3,100;  the  tenth  year  from  $1,100  to  $9,000,  mean  $2,500; 
the  eleventh  year,  from  $1,200  to  $7,100,  mean  $2,700;  the 
twelfth  year,  from  $500  to  $10,000,  mean  $3,100;  the  thir- 
teenth year,  from  $2,000  to  $6,000,  mean  $3,100 ;  the  fourteenth 
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Fig.  6.    Maximum,  minimum  and  mean  salaries  for  each  class. 


year,  from  $1,200  to  $15,000.  mean  $3.400 ;  the  fifteenth  year 
from  $800  to  $20,000,  mean  $4,100 ;  the  sixteenth  year,  from 
$2,000  to  $8,000,  mean  $4,300;  the  seventeenth  year,  from 
$1,500  to  $70,000,  mean  $7,700;  the  eighteenth  year  from 
$2,000  to  $6,000,  mean  $3,800;  the  nineteenth  year,  from 
$2,500  to  $7,200,  mean  $5,100 ;  the  twentieth  year,  from  $1,400 
to  $15,000,  mean  $6,400.  After  twenty  years  the  maximum 
salary  varied  from  $2,400  to  $12,000,  the  average  maximum 
being  $7,600 ;  and  the  minimum  salarj^  varied  from  $1,200  to 
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$5,000.  the  average  TninimriTn  being  $2,400.  The  average  sal- 
ary after  twenty  years,  as  shown  on  Fig.  4,  was  $5,600. 

As  the  object  of  this  paper  is  to  present  statistics  and  to 
explain  how  they  were  obtained,  no  attempt  will  be  made  at 
arguments  based  on  them  or  to  draw  conclusions.  It  will  be 
interesting,  however,  to  see  how  the  inquiry  impressed  corre- 
spondents, and  for  that  purpose  the  following  extracts  are 
quoted  from  the  replies  received: 

One  of  the  older  graduates  wrote  as  follows : 

*  ■  It  strikes  me  that  the  results  of  a  life-work  are  not  meas- 
ured entirely  in  dollars  and  cents :  but  if  you  want  to  gauge 
success  and  results  by  dollars  and  cents  I  am  sure  1  do  not 
know  what  value  can  be  placed  on  the  increased  enjoyment 
and  the  profit  of  life  due  to  a  university  education.  I  should 
say  much  in  some  cases  and  none  in  others." 

A  well-known  civil  engineer  wrote  the  following: 

"The  prejudices  of  business  men  arise  from  too  much  time 
given  to  the  study  of  dead  languages.  A  college  course  is 
essential  to  a  civil  engineer." 

From  a  younger  graduate : 

"I  consider  that  the  general  education,  polish,  and  physical 
aid  amply  repaid  me  for  my  college  expenses. ' ' 

From  the  reply  sent  by  a  well-known  mining  engineer  the 
following  sentence  is  taken : 

'In  the  mining  business  eoUege  men  have  been  doing  by 
far  the  best." 

A  less  optimistic  reply : 

"My  college  education  has  not  as  yet  proved  to  be  much  of 
a  success :  but  I  am  waiting  for  future  developments. ' ' 

A  professor  of  physics  in  a  western  university  says  that  in 
estimating  the  value  of  a  college  education  its  money  value 
is  not  the  only  criterion. 

A  young  engineer  in  a  manufacturing  company  is  more 
sanguine  regarding  the  money  value  of  an  education. 

' '  I  believe  a  college  education  and  an  engineering  degree  are 
worth  at  least  one  thousand  dollars  a  year.  'My  father  at  ir.y 
age  was  receiving  seventy-five  dollars  a  month  and  he  had 
been  with  his  firm  for  thirteen  years. ' ' 
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The  head  of  a  firm  of  consulting  and  contracting  engineers 
states  that  he  is  firmly  convinced  of  the  advisability  of  a  col- 
lege training  and  that  he  believes,  further,  that  his  technical 
education  is  his  greatest  asset. 

A  graduate  of  one  of  the  earliest  classes,  now  retired  from 
business,  states  that  he  believes  that  the  cost  of  a  college  educa- 
tion is  justified.  He  adds,  however,  that  he  is  unable  to  say 
what  would  have  been  the  effect  if  four  years  had  been  well 
used  in  business. 

A  graduate  of  a  class  in  the  early  seventies,  who  gives  his 
occupation  as  a  farmer  and  horticulturalist.  states  his  opinion 
as  follows: 

"I  would  not  sell  my  college  experience  and  culture,  at  the 
cost  of  both  the  money  and  the  time  and  the  interest  thereon 
in  addition." 

The  following  is  taken  from  a  letter  sent  by  a  graduat-i  who 
is  now  a  professor  in  one  of  our  leading  technical  schools: 

"I  doubt  very  much  if  such  information  as  you  here  seek 
will  lead  to  the  truth.  It  would  be  very  hard  to  compare  your 
results  with  the  income  of  the  same  number  of  exactly  similar 
men  who  have  not  been  college-bred.  ^ly  opinion  is  that  in 
very  many  cases  the  claim  of  these  business  men  is  a  just  one." 

In  reply  to  the  formal  set  of  questions  sent  out  to  all  the 
graduates,  a  farmer  sent  the  following  reply : 

"Annual  income — a  happy  family.  Total  income — a  eon- 
tented  life.    Abundance  to  live  on." 

A  well-known  graduate  wrote  as  follows : 

"The  discipline  received  and  a  habit  of  close  and  sustained 
application  which  I  received  during  my  four  years  at  Ann 
Arbor,  have  been  of  very  great  advantage  to  me. ' ' 

An  architect  with  a  national  reputation  adds  the  following 
to  his  formal  reply: 

"I  believe  a  university  training  is  of  the  utmost  benefit  to 
any  man  who  is  to  take  a  place  in  the  great  world.  His  suc- 
cess is  measured  by  what  he  does  and  not  by  his  income. ' ' 

The  following  borders  on  the  pessimistic: 

"I  do  not  consider  that  my  present  income  or  any  earnings 
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of  the  near  future  to  be  conclusive  evidence  as  to  the  value  of 
a  college  education  to  myself.  I  believe,  however,  that  the 
returns  justify  the  average  young  man  in  securing  a  technical 
education,*' 

A  man  who  had  much  difficulty  in  earning  his  way  thro  ig.'i 
college  and  who  receives  a  meager  salary  writes  as  follows : 

*'I  feel  that  all  I  received  in  my  college  course  was  not  dae 
alone  to  my  books,  but  I  received  just  as  much  from  my  fel- 
low students,  professors  and  instructors.  The  value  of  what 
I  learned  from  them  can  scarcely  be  measured  in  dollars  and 
cents.  The  influence  of  some  of  the  older  professors  is  to  me 
far  more  than  commensurate  with  the  money  invested  in  a 
college  education." 

As  showing  the  versatility  of  the  college-bred  man  the  fol- 
lowing is  taken  from  the  reply  of  a  recent  graduate: 

"When  the  financial  scare  occurred  last  fall,  the  company 
dismissed  several  of  its  design  corps.  They  called  two  or  three 
of  us  who  were  college  men  and  told  us  that  we  were  to  be 
retained,  because  they  knew  they  could  put  us  am-where  in 
the  plant  when  there  was  not  much  designing  to  be  done." 

The  vice-president  of  a  prominent  concern  wrote  curtly  as 
follows : 

"In  regard  to  the  part  of  your  letter  relating  to  statistics, 
1  must  say  that  I  have  no  use  for  data  of  this  kind  and  shall 
absolutely  decline  to  contribute." 

A  graduate  of  the  engineering  department  who  has  had  a 
great  deal  of  experience  in  practical  affairs  wrote  at  length  in 
response  to  the  formal  request  for  information:  the  following 
paragraphs  are  quoted  from  his  letter: 

"There  is  no  question  in  the  minds  of  thinking  and  pro- 
gressive business  men  that  a  technical  education,  thoroughly 
instilled  and  applied  with  common  sense,  is  the  best  equipment 
a  man  can  have. 

"Mr.  Crane  loses  sight  of  the  fact  that  technical  training 
does  not  make  mechanics  nor  is  it  intended  to  make  mechanics, 
but  it  does  train  men  for  positions  which  mechanics  can  obtain 
only  after  years  of  experience  and  study. 
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"I  have  served  my  time  in  the  shops  as  a  regular  apprentice, 
and  I  know  many  others  who  have  done  the  same;  I  have 
found  that  the  technical  man  who  goes  into  the  shops  and  acts 
like  a  man,  takes  his  bumps  good-naturedly  and  does  his  best, 
soon  finds  that  he  is  able  to  outstrip  the  ordinary  apprentice 
and  can  soon  rise  to  positions  which  make  him  the  envy  of  his 
fellow  workmen;  and  they  will  involuntarily  testify  to  the 
superiority  of  technical  training,  either  gladly  or  grudgingly, 
by  such  exclamations  as  'Gee,  I  wish  I  knew  as  much  as  that 
fellow,  you  wouldn't  see  me  here  running  a  drill  press';  or 
'I'll  bet  if  he  didn't  have  a  college  education  he  wouldn't  be 
a  gang-boss  before  he  finished  serving  his  time.'" 

A  young  engineer  with  an  uncertain  income  wrote  as 
follows : 

"My  business  is  such  that  it  is  sometimes  done  at  a  fair 
profit  and  sometimes  done  without  a  profit — but  suffice  it  to 
say,  that  I  consider  that  I  have  prospered,  and  that  my 
prosperity  is  in  a  large  measure  due  to  the  training  I  have 
received  at  my  alma  mater." 

The  foregoing  replies  were  volunteered.  The  request  for 
information  was  confined  to  the  data  sought.  But  great  in- 
terest was  manifested,  the  responses  being  in  general  like 
those  quoted.  Many  gave  consent  to  have  their  names  and 
letters  published  if  desired. 

Mr.  Kent:  About  what  percentage  of  replies  to  your  in- 
quiries were  received  ? 

Dean  Cooley:  That  part  of  the  paper  relating  to  the 
careers  of  graduates  was  based  on  replies  from  95.7  per  cent, 
of  the  living  graduates ;  the  earning  capacitj^  of  graduates  was 
based  on  replies  from  76  per  cent,  of  the  living  graduates. 
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Attitude  of  Public. 

Dishonesty  of  students,  particularly  in  the  form  of  cribbing 
at  examinations,  is  not  regarded  seriously  by  all  persons. 
The  attitude  of  a  part  of  the  public  is  well  typified  by  that  of 
the  New  York  iSw«  in  its  flippant  and  amusiiig  comments  on 
the  recent  restrictions  put  in  force  at  Columbia  University, 
in  New  York  City,  during  examination  periods.  To  the  grad- 
uate, it  is  generally  a  minor  evil  and  often  associated  with 
college  pranks.  It  does  not  appear  to  him  that  any  moral 
obliquity  has  resulted  from  the  practice  of  his  college  days. 
The  latter  were,  as  he  recalls  them,  mainly  of  association  with 
his  fellows  and  the  ateorption  of  the  general  life  of  the  insti- 
tution. The  definite  result  of  particular  studies  is  not  recog- 
nizable, although  he.  in  many  cases,  feels  that  his  character 
has  been  formed  and  certain  standards  created  by  the  per- 
sonality of  a  few  of  his  professors. 

Xot  all  instructors  are  seriously  concerned  in  the  presence 
of  widespread  cheating. 

"While  there  is  a  difference  of  attitude  towards  the  fault, 
there  is  also  a  wide  difference  in  the  methods  proposed  for 
prevention  on  the  part  of  those  who  consider  the  offense 
serious.  The  extremities  are:  First,  with  that  side  that 
believes  the  best  results  come  from  the  honor  system,  and  that 
cheating  is  fanned  to  a  flame  by  measures  designed  to  prevent 
it ;  and  second,  with  that  side  that  believes  the  so-called  ' '  honor 
system"'  to  be  an  invitation  to  dishonesty,  and  that  the  condi- 
tions surrounding  the  examination  should  be  business-like  and 
designed  for  prevention. 

This  paper,  first  of  all,  considers  the  extent  and  nature  of 
the  problem  of  student  cheating;  second,  gives  the  ai^uments 
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for  and  against  the  so-called  "honor  system";  third,  presents 
testimony  of  experience  of  other  institutions  and  some  account 
of  our  efforts  at  Purdue  University  to  regulate  the  evil. 

That  children  accomplish  their  work  in  the  primary  grades 
by  dishonest  means  and  the  practice  continues  through  the 
high-school  is  a  well-known  fact.  Only  a  few  years  ago,  there 
was  found  to  he  very  active  dishonesty  in  the  entrance  exami- 
nations to  one  of  the  eastern  universities  on  the  part  of  grad- 
uates of  two  smaller  colleges  in  which  training  in  manly  virtue 
and  moral  strength  is  considered  to  be  the  chief  contribution 
of  these  schools.  In  the  last  few  weeks,  newspaper  reports 
indicated  an  upheaval  at  another  eastern  university.  The 
reports  of  the  dean  of  the  faculty  of  arts  of  Cornell  Univer- 
sity during  the  past  few  years  give  evidence  of  the  extent  of 
the  problem  at  that  institution. 

It  will  be  of  little  avail  to  multiply  instances.  Universities, 
no  doubt,  prefer  to  wash  their  linen  at  home,  and  the  files  of 
our  educational  societies  contain  little  discussion  of  successful 
or  unsuccessful  war  against  this  plague.  Thus  there  is  little 
public  discussion  like  that  that  accompanies  fraud  in  athletic 
relations,  and  many  trustful  and  optimistic  persons  cry  peace 
when  there  is  no  peace.  The  true  conditions  may  not  be 
apparent. 

Correspondence  that  the  speaker  has  had  with  various  insti- 
tutions throughout  the  country  to  inquire  concerning  the 
prevalence  of  cheating  and  the  means  of  prevention  makes  it 
very  clear  that  the  problem  exists  in  most  northern  colleges 
and  is  not  being  ignored. 

One  difficulty  of  the  situation  is  that  the  results  of  the 
practice  are  insidious.  The  defects  produced  are  latent  defects. 
A  fault  like  intoxication  is  patent  to  all.  The  harm  is  physi- 
cal. The  student  who  habitually  practices  fraud  may  develop 
a  weak  mind  without  disturbing  the  peace  of  the  community 
as  does  a  drunken  or  disorderly  student.  And  so,  in  a  large 
way,  the  class  work  in  a  given  department  of  instruction  may 
be  undermined  without  surface  indication  of  the  underlying 
condition.  From  the  standpoint  of  the  mental  development 
13 
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of  the  student,  which  must  suppose  discipline,  it  would  seem 
that  we  cannot  afford  to  regard  the  problem  lightly,  as  a 
curious  and  an  amusing  perversity  of  student  life,  or  as  a 
necessary  condition  of  instruction. 

Causes, 

If  we  can  ascertain  in  some  manner,  the  causes  of  this  evil, 
we  will  be  in  a  more  intelligent  position  to  apply  suitable 
remedies. 

Certainly,  one  of  the  fundamental,  underlying  causes  is  the 
low  moral  tone  of  the  home  and  the  community,  which  applies 
the  test  of  success  without  examining  the  moral  condition  of 
the  individual  who  arrives  and  the  paths  he  has  taken.  The 
habits  formed  by  the  practice  of  dishonesty  in  the  lower 
schools  are  an  immediate  cause  of  the  problem  in  some  insti- 
tutions and  standards  of  honesty  must  be  created. 

On  the  campus  new  influences  arise.  Some  studies  bring 
intellectual  strength  and  therefore  intellectual  integrity ;  some 
instructors  give  the  individual  a  new  moral  standard.  On  the 
other  hand,  some  studies  are  prescribed  that  seem  to  the 
student  to  be  unnecessary  and  useless  performance.  Again,  he 
may  be  forced  to  take  a  course  which  is  out  of  gear  with  the 
remainder  of  the  curriculum  and  for  which  he  is  not  prepared, 
or  he  may  be  forced  to  take  severe  courses  which  are  poorly 
taught.  All  these  lead  him  to  dishonest  means  of  acquiring 
credit.  He  may  attempt  also  to  take  advantage  of  a  too  trust- 
ful instructor,  whom  he  does  not  know  personally  and  to  whom 
he  has  no  sense  of  personal  loyalty.  Loose  methods  of  adminis- 
tering examinations  also  tempt  him  to  cheat. 

One  other  underlying  temptation  must  be  acknowledged  by 
every  instructor  when  he  comes  to  consider  his  own  practice. 
He  must  feel  the  inherent  opposition  of  two  men  within  him- 
self;  namely,  the  teacher  and  the  examiner.  The  temptation 
is  to  neglect  the  latter. 

Teaching  itself  is  an  art,  and  the  teacher  is  like  any  other 
artist  who  does  his  best  work  and  exercises  his  best  influence 
in  an  atmosphere  in  which  regulation  and  suspicion  and  mean- 
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ness  are  far  distant.  Unfortunately  in  this  world  he  cannot 
leave  his  work  at  this  point,  but  must  also  be  an  examiner 
and  disciplinarian,  and  in  this  capacity  he  must  conduct  his 
affairs  in  what  we  call,  for  want  of  a  better  term,  ' '  a  business 
way. ' '  The  art  of  steering  a  wise  course  through  life  is  not  an 
easy  one  or  possessed  by  the  majority,  and  it  would  seem  that 
the  art  of  wisely  combining  the  inspiration  of  a  true  teacher 
with  the  effectiveness  and  system  of  the  more  common  tj^pe  of 
instructor  is  an  end  difficult  to  attain,  but  to  which  one 
should  aim. 

The  roll  of  educators  contains  the  names  of  impressive 
characters  that  so  impose  themselves  upon  the  student  body 
that  a  contest  like  that  of  examination  is  conducted  under 
honorable  conditions.  The  chances  are,  however,  in  this  age 
and  community,  that  the  contest  will  be  like  that  of  intercol- 
legiate athletics,  where  victory  is  the  end  rather  than  an 
honorable  contest  between  gentlemen.  With  sympathy  and  a 
knowledge  of  the  good  points  and  strength  of  student  char- 
acter, those  who  have  longest  given  instruction  yet  measure 
truly  student  weakness.  It  appears  that  those  institutions, 
which,  in  this  latitude,  have  been  longest  in  the  business  of 
instruction  have  not  yet  found  a  royal  road  to  character. 

One  other  difficulty  that  confronts  us,  but  which  did  not 
confront,  in  so  great  a  degree,  the  old  educators  is  due  to  large 
classes  where  there  is  little  personal  contact  between  professor 
and  students,  although  this  is  not  tnie  in  drafting  room  and 
laboratory  work.  This  is  not  true  of  all  institutions,  and  not 
necessarily  in  laboratory  and  drawing  room  work.  However, 
the  statistics  recently  presented  in  Science  by  Professor  Guido 
Marx  show  in  all  institutions  an  increasing  proportion  of 
instruction  to  be  given  by  young  and  inexperienced  men. 

It  is  true  that  the  student  work  of  the  engineer  and  the 
scientist,  in  general,  leads  to  integrity  of  mind  and  sturdiness 
of  character.  ^Most  of  his  tasks  are  self-examining.  On  the 
other  hand,  he  has  in  general,  too  much  to  do,  and  is  tempted 
to  satisfy  requirements  by  improper  means  when  pushed  to  it. 

The  above  considerations  are  some  of  those  governing  the 
problem. 
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Granting  this  problem,  and  the  necessity  of  controlling,  by 
some  means,  student  cheating  and  of  educating  the  individual 
in  the  early  years  of  his  course,  we  find  two  methods  in  use 
that  work  from  directly  opposite  points  of  view:  namely,  the 
honor  system  and  the  proctor  system.  Men  of  good  judgment 
and  exi)erience  are  widely  at  variance  in  their  conclusions 
upon  this  matter. 

Methods  of  Coxtbol. 

The  honor  system,  as  a  system,  and  not  an  informal  under- 
standing, may  be  described  as  follows: 

All  examinations  and  written  recitations  are  conducted  on 
a  system  under  which  the  instructors  either  leave  the  room  or 
torn  their  backs  upon  the  students.  This  usually  follows  a 
formal  acceptance  by  the  students  of  the  honor  system,  which 
involves  the  use  of  a  written  pledge  that  they  have  neither 
given  nor  received  help  in  the  examination.  If  a  student  is 
detected  by  one  of  his  classmates  in  cheating,  or  if  a  professor 
discovers  evidence  of  cheating  in  the  written  paper  handed  in 
by  a  student,  the  evidence  is  placed  in  the  hands  of  a  com- 
mittee, called  the  honor  committee,  whose  business  it  is  to 
administer  the  honor  systeuL  In  one  college,  this  committee 
consists  of  the  presidents  of  the  four  classes  and  two  addi- 
tional upperelass  members  who  were  members  of  the  com- 
mittee of  the  preceding  year.  This  committee  summons  the 
accused  student  and  if,  after  investigation,  it  finds  him  guilty. 
it  recommends  to  the  faculty  that  he  be  finally  dismissed 
from  college. 

Its  advocates  make  the  following  claims :  That  it  emphasizes 
honesty  more  and  dishonesty  less.  That  students  can  cheat 
even  under  the  sharp  eye  of  a  suspicious  instructor,  and  if 
faculties  offer  a  bonus  for  results  obtained  by  cheating  many 
a  student  is  tempted  thereby  to  accommodate  the  faculties. 
In  any  case,  there  being  a  certain  amount  of  cheating  under 
any  system,  it  wiU  be  less  under  the  honor  system  and  the 
majority  of  the  students  will  escape  the  stigma  of  suspicion  of 
dishonesty,  which  is  forced  upon  them  by  the  system  of  regula- 
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tion.  A  man  should  be  assumed  to  be  honest  until  he  is  known 
to  be  guilty,  and  that  this  assumption  of  honesty  should  obtain 
among  gentlemen.  The  fewer  the  regulations  that  assume  mis- 
conduct the  better  will  be  the  conditions.  In  any  ease,  extreme 
repressive  measures  do  no  good ;  it 's  the  hardest  blow  but  hits 
the  thumb.  The  admitted  success  of  the  honor  system  in  small 
colleges  in  the  South  and  in  Princeton  University  shows  that, 
under  certain  conditions,  the  system  is  applicable,  inasmuch 
as  the  university'  is  looked  upon  to  give  the  training  of  the 
honor  system. 

These  arguments  seem  to  be  verj'  general,  but  they  are  the 
actual  arguments  advanced  by  men  of  judgment  and  ex- 
perience. 

On  the  other  hand,  those  who  administer  a  system  of  regu- 
lation hold  that,  while  it  is  disagreeable  to  treat  men  like 
thieves,  such  treatment  is  a  positive  protection  to  men  who 
are  disposed  to  be  honest,  and  point  out  that  the  honor  system 
assumes  cheating  in  the  student  body  equally  with  the  regula- 
tion system.  In  any  case,  power  of  public  opinion  will  not 
prevent  dishonesty,  and  if  dishonesty  exists,  the  faculty  rather 
than  the  students  shoidd  deal  with  it.  The  student  code  of 
honor  is  that  no  student  shall  inform  on  another,  and  it  is 
more  dishonorable  to  be  an  informer  than  a  cheater.  One 
objection  to  the  honor  s^'stem  is  that  it  cannot  be  carried  out 
in  all  cases ;  it  is  dependent  upon  the  sentiment  of  the  student 
body,  which  has  to  be  stimulated  and  educated  with  each 
generation.  This  requires  many  lectures  and  full  presentation 
before  the  students.  This  difficulty  of  lack  of  continuity  of 
students  is  one  of  the  greatest  difficulties.  After  one  class  has 
been  aroused  to  a  sense  of  duty,  the  next  class  will  fail  to 
realize  it,  and  there  is  a  sort  of  constant  revival.  They  point 
out  that  there  is  nothing  to  prevent  the  moral  influence  of 
instructors  and  the  presentation  of  standards  of  morals  under 
the  system  of  regulation.  Indeed  the  maintenance  of  a  high 
tone  in  matters  of  this  kind  is  one  of  the  important  duties  of 
the  teacher.  A  complacent  teacher  is  apt  to  assume  that  dis- 
honest practices  do  not  exist  in  his  classes,  whereas  the  facts 
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may  be  quite  the  reverse.  They  point  out  as  the  result  of 
experience  that  the  honor  system  has  often  been  a  failure. 
Poor  fences  make  unruly  stock.  Again,  it  is  said  to  be  the  dut^^ 
of  a  university  to  the  public  to  have  utmost  knowledge  that  the 
student  has  met  the  imposed  restrictions  fairly.  Honest  men 
would,  on  the  whole,  prefer  to  be  watched,  in  any  case,  rather 
than  to  be  trusted.  The  experience  of  students  in  rejecting 
the  honor  system  shows  this. 

They  point  out  that  the  student  "s  work  in  after  life  is  to  be 
conducted  under  just  such  supervision.  Thus,  the  exponents 
of  regulation  consider  it  good  business  to  place  such  restric- 
tions on  examinations  that  they  may  be  sure  that  the  standards 
are  being  met  honestly. 

They  realize  that  this  is  not  an  ideal  state  of  affairs  and 
that  some  day  in  the  distant  future  standards  of  honor  and 
morals  may  have  improved  and  our  student  conscience  so 
aroused  that  there  will  be  no  necessity*  for  regulation;  that 
the  regulation  system  is.  on  the  whole,  safest  and  brings  best 
results. 

The  writer's  belief  is  that  progress  in  creating  a  student 
conscience  in  relation  to  this  matter  and  diminishing  dishonest 
practices  on  the  part  of  those  who  have  no  conscience  may  be 
reached  through  concerted  action  and  a  definite  policy. 

He  believes  also  that  an  instructor  has  it  in  his  power,  if 
not  absolutely  to  prevent  cheating,  at  least  to  diminish  it  to 
a  negligible  quantity.  A  large  amount  of  cheating,  like  a 
large  number  of  "conditions''  or  a  great  amount  of  tutoring, 
is  a  symptom  not  necessarily  of  some  failing  in  the  student 
body,  but  an  indictment  of  the  course  or  the  conditions  of 
teaching,  or  of  examination.  The  teacher  must  handle  the 
matter  with  judgment.  By  the  union  of  good  instruction, 
justice  in  dealing  with  students,  and  so  winning  their  confi- 
dence, and  by  reasonable  regulation  of  examinations,  he  ought 
not  to  be  troubled  with  this  problem.  An  instructor  should  not 
mistake  himself  for  one  of  the  great  teachers  like  General 
"Walker  or  Thomas  Arnold,  and  dwell  in  a  cheap  paradise,  his 
ordinary  precaution  thrown  aside,  confused  by  high  words  and 
in  the  false  securitv  of  an  unreal  view  of  a  student  nature. 
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Student  dishonesty  like  political  impurity  is  raised  from  the 
status  of  a  conventional  fault  only  by  agitation  and  considera- 
tion and  punishment.  Certainly,  purity  in  politics  is  no 
longer  to  be  regarded  as  an  iridescent  dream,  and  the  writer 
is  not  willing  to  believe  that  great  progress  cannot  be  made 
toward  a  more  sensitive  conscience  and  greater  integrity'  of 
our  student  body.  The  path  must,  in  my  view,  be  through 
education.  As  in  the  training  of  children,  progress  comes 
from  expostulation,  regulation  and  punishment,  and  not  by 
allowing  an  assumed  better  nature  to  operate  without  restric- 
tion. Our  task  is  never  done,  and  we  should  not  falter  or 
turn  backward  or  lose  the  present  progress. 

The  writer  had  some  hesitancy  in  presenting  this  paper  in 
view  of  a  possible  charge  that  affairs  must  be  serious  at  the 
institution  with  which  he  is  connected.  Inquiry  has,  how- 
ever, convinced  him  that  the  same  problem  confronts  other 
institutions  of  higest  rank  in  the  Middle  West.  And  so  these 
words  may  be  of  value  to  others. 

During  the  year  1906  and  1908  the  writer  was  in  corre- 
spondence with  some  forty  old  institutions  relative  to  student 
dishonesty  and  the  method  of  handling  it  and  the  experience, 
if  any,  obtained  in  the  application  of  the  honor  system. 

The  replies  were  interesting  and  threw  much  light  upon 
this  question.  Space  does  not  permit  the  quotation,  even  in 
abstract,  of  correspondence,  and  it  does  not  seem  advisable 
to  quote  portions  of  the  correspondence.  It  is  hoped  that  this 
paper  will  bring  forth  from  these  correspondents  views  ex- 
pressed in  letters  to  the  writer. 

Regulations. 
In  the  institution  with  which  the  writer  is  connected  a  com- 
mittee was  appointed  four  years  ago  to  study  this  problem, 
and  to  handle  all  cases  of  suspected  dishonesty,  and  if  pos- 
sible to  formulate  rules  of  procedure.  Experience  obtained 
has  led  to  the  following  rules  which  are  drawn  up  for  the 
guidance  of  members  of  the  facultj': 
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It  is  assumed  that  the  best  interests  of  the  class  are  best  served  by 
removing  opportunities  for  obtaining  help;  that  students  and  instructors 
will  prefer  such  conditions  as  will  necessitate  only  a  general  supervision 
of  the  class  on  the  part  of  the  instructor. 

Xo  question  shall  be  written  on  the  blackboard  after  the  students 
begin  the  test. 

The  instructor  shall  not  leave  the  room  during  the  progress  of  the  test. 

The  instructor  shall  not  perform  any  duties  during  the  progress  of  the 
test  that  divert  his  attention  from  the  students.  Sitting  at  the  desk  in 
the  front  of  the  room  and  reading  or  correcting  papers,  etc.,  constitute 
defective  supervision. 

Xo  two  men  in  adjacent  seats  shall  be  assigned  the  same  questions,  or 
questions  which  demand  similar  drawings. 

Large  sections  shall  be  provided  with  a  sufficient  number  of  monitors. 

"Whenever  problems  and  reports  are  given  for  work  outside  of  class, 
assignment,  correction,  and  administration  should  be  such  that  individual 
work  on  the  part  of  the  student  will  be  insured  as  far  as  possible. 

Exercises,  drawings,  compositions  and  reports  should  be  punched  or 
otherwise  defaced  to  prevent  their  subsequent  submission  by  other 
students. 

That  all  eases  handled  by  the  instructors,  apart  from  the  committee, 
should  be  reported  to  the  committee  for  record. 

That  the  instructors  to  whom  the  freshmen  report,  lay  before  their 
classes  ethical  standards  in  respect  to  the  use  of  the  work  of  other  stu- 
dents in  themes,  essays,  and  lecture  notes,  and  with  reference  to  the  use 
of  quotation  marks. 

That  no  credit  be  recorded  in  class  book  for  work  submitted,  such  as 
problems,  in  cases  where  the  instructor  is  not  able  to  assure  himself  that 
the  work  submitted  is  the  individual  product  of  the  student. 

A  student  found  guilty  of  dishonesty  by  the  faculty  shall  not  partici- 
pate in  any  public  exercises  of  any  student  or  university  organization. 

One  of  the  most  effective  rules  is  the  last. 

Such  rules  as  these  require  the  sympathy  and  cooperation 
of  the  entire  instructional  corps.  It  takes  some  time  however 
to  bring  this  about,  but  as  the  faculty  is  more  or  less  fixed 
in  its  personnel,  the  task  is  not  so  difficult  as  continuing  the 
proper  spirit  in  the  ever-changing  student  body. 

Discussion. 
Peofessor  Allen  :  The  rules  formulated  in  the  paper  are 
somewhat  more  elaborate  than  the  rules  of  the  institution  with 
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which  I  am  connected.  One  of  our  rules  of  conduct  is  that  the 
presentation  by  a  student  of  the  work  of  another  as  his  own 
will  render  the  student  liable  to  dismissal.  This  is  our  only- 
rule.  "We  have  but  one  serious  penalt}^  and  that  is  dismissal. 
"We  have  no  penalty  of  suspension,  and  in  cases  of  dishonesty, 
dismissal  is  substantially  certain.  The  student  has  an  oppor- 
tunity to  present  his  case,  not  before  the  entire  faculty,  but 
before  a  committee  of  three,  generally  appointed  for  the  pur- 
pose of  giving  him  a  hearing.  The  professor  who  brings  the 
charge  is  naturally  not  a  member  of  the  committee. 

As  far  as  my  o^vn  examinations  are  concerned,  I  do  not 
believe  in  the  honor  system,  and  I  am  free  to  say  that  I  ap- 
proach the  examinations  without  any  anticipation  that  there 
will  be  any  dishonesty.  As  that  is  in  fact  my  attitude,  I 
believe  that  the  students  know  it  and  appreciate  it.  Some  of 
the  professors  in  the  department  have  been  told  by  graduates 
that  students  did  not  cheat  in  my  work  and  I  thoroughly  be- 
lieve that  that  is  the  case. 

Professor  "Walker:  I  want  to  add  a  word  to  what  Pro- 
fessor Allen  has  just  said  in  relation  to  the  student  bodies. 
Twenty  years  ago,  when  I  was  a  member  of  the  student  body 
of  the  Institute  of  Technologj%  I  think  that  any  student  that 
was  guilty  of  dishonesty  in  Professor  Allto's  room  or  in  that 
of  any  other  member  of  the  civil  engineering  department 
would  have  had  a  hard  road  to  travel  with  the  class.  I  was 
in  examinations  where  the  instructor  was  out  of  the  room  by 
necessity  for  ten  or  fifteen  minutes  and  never  saw  any  of  the 
students  do  any  crooked  work  under  those  conditions.  I  do 
not  believe  that  my  class  was  composed  of  any  better  clay  than 
those  of  other  institutions,  where  I  am  sorry  to  say  that  I  have 
seen  other  conditions  prevail. 

I  have  given  this  matter  a  good  deal  of  thought,  especially 
for  the  past  five  or  six  years,  and  I  must  say  I  am  about  as 
far  from  a  conclusion  as  I  was  when  I  started.  Returning  to 
my  own  college  days,  I  recall  one  instance  where  a  member  of 
the  class  was  guilty  of  passing  in  drawings  of  another  man  as 
his  own.    This  was  detected  by  the  professor  and  that  student 's 
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connection  with  the  institution  was  severed  inside  of  twenty- 
four  hours. 

As  a  teacher  in  two  institutions  in  the  last  fifteen  years  I 
have  had  some  experience  with  honor  systems.  In  one  institu- 
tion the  honor  system  was  adopted  by  a  certain  class  and  it 
worked  for  a  couple  of  years.  It  was  a  class  matter  and  not  a 
college  matter,  and  for  some  reason,  possibly  the  ridicule  of 
other  portions  of  the  college,  the  system  was  dropped  before 
the  class  graduated.  The  institution  with  which  I  am  at 
present  connected  has  the  honor  system  in  vogue  for  certain 
sections  of  certain  classes  and  not  in  other  sections  of  the  same 
classes.  The  faculty  has  permitted  those  parts  of  the  student 
body  in  which  there  were  large  majorities  in  favor  of  the  sys- 
tem to  use  it  in  their  examinations  and  in  their  class  work 
and  it  has  worked  well  not  only  in  written  work  but  in  daily 
blackboard  work.  I  have  had  students  from  these  sections  in 
some  of  my  classes  taking  work  in  the  same  subject  as  students 
from  other  sections  in  which  the  honor  system  was  not  in 
vogue. 

In  some  of  the  sections  of  the  college,  where  there  is  not  the 
honor  system  under  that  label,  the  spirit  of  the  honor  system 
is  just  as  strong  in  practice  as  in  those  in  which  the  label  is 
applied.  In  my  examinations  and  recitations,  I  treat  my  stu- 
dents as  men  of  honor  and  state  to  them  that  I  do  not  intend 
to  act  as  a  policeman,  but  that  if  I  notice  anything  irregular 
in  the  room  or  on  the  papers  passed  in,  the  guilty  party  will 
get  just  as  severe  treatment  from  me  as  from  any  of  my  col- 
leagues. I  believe  the  men  have  met  me  more  than  half  way 
and  I  am  glad  to  record  my  experience  with  college  students, 
that  if  treated  as  men  of  honor  they  will  respond.  On  the 
whole,  I  favor  the  honor  system  when  adopted  by  a  large 
majority  of  the  students  concerned. 

Dean  Raymond:  One  point  mentioned  by  Professor  Hatt 
was  the  fact  that  sometimes  examinations  are  held  by  instruc- 
tors not  actually  kno-\vn  to,  or  acquainted  with,  their  students. 
That  opens  up  the  question  of  large  classes  as  compared  with 
smaU  classes.     Perhaps  some  element  of  dishonesty  gets  into 
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the  atmosphere  iu  our  schools  when  we  advertise  and  receive 
a  larger  number  than  we  can  honestly  teach.  Further,  we 
should  not  employ  young  instructors  to  teach  by  themselves. 
My  own  way  of  using  a  young  instructor  (when  it  is  possible), 
is  to  have  him  assist  me.  I  lecture  or  quiz  and  then  turn  the 
class  over  to  the  young  instructor  to  assist  in  the  working  of 
problems  that  depend  on  the  work  of  the  quiz  or  lecture.  I  do 
not  believe  in  the  honor  system,  or  any  other  system.  I  believe 
in  conducting  examinations  so  that  the  student  can  not  cheat 
and  so  that  there  shall  be  no  reason  why  he  should  cheat.  It 
requires  a  great  deal  of  study  to  arrange  examinations  in  all 
subjects  so  that  this  is  possible,  but  I  believe  it  can  be  done  by 
careful  study. 

I  do  think,  however,  that  there  has  been  a  change  in  the 
sentiment  regarding  examinations  in  recent  years.  There  has 
been  a  tendency  towards  dishonesty,  whether  the  class  is  large 
or  small.  It  may  be  due  to  the  prevailing  atmosphere  of  our 
public  life.  I  have  borrowed  from  the  Engineering  News  a 
sentiment  and  am  putting  it  on  the  glass  door  in  the  vestibule 
of  our  engineering  building;  it  is  this:  ''The  best  asset  the 
engineering  profession  has  is  its  reputation  for  honesty,  and 
it  is  the  duty  of  every  engineer  to  preserve  that  reputation 
unsullied."  I  thoroughly  believe  that  every  examination  can 
be  conducted  in  such  a  way  that  there  will  be  no  inducement 
for  a  student  to  cheat,  and  if  this  can  be  done  the  whole  notion 
of  dishonesty  in  examinations  can  be  done  away  with. 

President  Humphreys  :  The  first  day  of  my  presidency  at 
Stevens  Institute  I  expressed  to  the  students  the  hope  that  the 
day  would  come  when  the  honor  system  could  be  introduced, 
but  that  the  faculty  could  not  introduce  it — it  would  have 
to  originate  with  the  students.  After  a  number  of  years  the 
result  of  this  expression  of  that  hope  repeated  from  year  to 
year  is  that  we  have  had  the  honor  system  for  about  three 
years.  I  do  not  pretend  to  say  that  it  works  perfectly.  During 
nearly  sixty  years  of  life  I  have  not  found  anything  perfect, 
nor  do  I  believe  that  anything  will  work  perfectly  in  this 
world.    The  system  was  finally  adopted  by  the  faculty,  but  it 


20i  REOrXATIOXS    GOYEEXrS'G   EXAIMIXATIOXS. 

had  to  begin  with  the  students.  A  certain  class  came  forward 
and  asked  permission  to  try  the  honor  system  in  their  senior 
year.  I  listened  to  their  argument  as  to  why  it  would  work, 
etc.  Later  the  plan  was  discussed  with  the  faculty  and  finally 
adopted  for  this  class,  and  has  developed  further  from  that 
beginning.  After  these  classes  had  passed  their  examinations 
and  graduated,  we  called  certain  representative  men  before  us 
and  consulted  them  as  to  its  working.  We  have  done  this  with 
each  succeeding  class.  Some  express  themselves  as  doubtful, 
some  as  hopeful,  and  some  that  it  is  undoubtedly  a  success. 
To  those  who  expressed  doubt  I  would  finally  put  this  ques- 
tion: Is  there  more  cheating  to-day  in  Stevens  Institute  than 
there  was  before  ?  Invariably  the  reply  has  been  that  there  is 
not  as  much,  and  that  it  is  a  success  from  that  standpoint,  I 
find  that  honesty  in  examinations  is  secured  by  meeting  the 
boys  half  way,  by  going  into  the  matter  with  them  in  a  spirit 
of  fairness.  I  have  known  of  cases  in  Stevens  Institute  where 
boys  had  to  be  expelled  for  cheating  in  examinations  where 
I  would  have  preferred  to  expel  the  professors  rather  than  the 
students.  In  school,  as  in  life,  if  you  trust  a  man  he  will  play 
fair  as  a  rule. 

The  honor  system  is  working  to  the  advantage  of  the  insti- 
tute and  to  that  of  the  students.  It  has  also  developed  a 
student  seLf-goveming  board  which  cooperates  with  the  com- 
mittee on  discipline  and  scholarship.  This  committee  of  stu- 
dents is  consulted  upon  any  new  question.  "What  the  faculty 
finally  does  rests  with  itself,  but  the  students  are  consulted  and 
their  advice  is  taken  as  far  as  possible.  It  was  two  years  ago 
that  this  plan  was  adopted.  I  was  fearful  of  carrying  it  out 
to  the  extreme  to  which  it  finally  developed.  To  illustrate  how 
the  boys  stuck  to  their  duty,  there  were  four  very  prominent 
men  who  were  tried  by  the  self-governing  board.  They  were 
particular  friends  of  men  on  the  board.  These  men  were 
active  in  outside  affairs  and  one  promised  to  be  the  greatest 
athlete  the  institute  had  ever  had.  The  men  were  tried  and 
found  guilty  and  aU  left  the  institute.  Last  year  there  was 
only  one  case  and  the  faculty*  knew  nothing  about  it  until  the 


REGULATIONS   GOVERNING   EXAMINATIONS.  205 

student  board  reported.  The  board  brought  the  man's  name 
up  and  he  was  tried  and  recommended  for  expulsion.  He  was 
expelled. 

In  conclusion  I  wish  to  say  that  the  system  is  not  perfect. 
It  is  better  than  previous  plans  in  that  the  spirit  of  cooperation 
which  it  has  developed  is  of  great  value.  That  there  is  a  better 
moral  tone  in  the  institute  by  reason  of  our  honor  system,  I  am 
firmly  convinced. 

Professor  Hibbard  :  I  can  express  my  thought  on  the  sub- 
ject of  examinations  in  three  sentences:  (1)  Ask  questions  that 
cannot  be  prepared  on  the  "roller  crib"  or  scroll,  (2)  make 
the  examination  a  real  piece  of  education,  (3)  make  it  a  fair 
examination. 

Mr.  Shoudy  :  I  can  speak  from  the  experience  of  a  younger 
instructor  with  reference  to  the  Stevens  Institute  honor  sys- 
tem. I  know  many  of  the  boys  intimately.  Some  of  them  I 
know  and  value  as  chums.  They  call  me  by  my  first  name  and 
I  call  them  by  theirs.  I  go  out  with  the  boys  and  they  seem  to 
forget  the  fact  that  I  am  their  instructor.  I  went  to  Stevens 
as  instructor  six  years  ago,  when  there  was  no  honor  system. 
I  have  taken  great  interest  in  noticing  the  attitude  of  the 
students  towards  the  system  and  towards  the  professors.  They 
now  believe  that  the  professors  are  treating  them  fairly  and 
they  therefore  conclude  that  they  cannot  do  otherwise  than  to 
treat  the  professors  similarly.  There  is  in  the  majority  of 
students  a  latent  sense  of  honor. 

There  is  a  certain  class  of  work  which  I  teach  in  which  it  is 
extremely  difficult  to  detect  dishonesty.  In  the  past  as  now, 
we  have  assigned  problems  to  be  done  at  home.  Before  the 
honor  system  was  used,  the  boys  were  not  doing  this  work.  I 
have  heard  that  out  of  eighty  in  a  class,  ten  men  did  the  prob- 
lem and  the  rest  got  their  solution  from  them.  Early  this  year 
I  told  the  boys  that  I  wished  them  to  do  their  own  work  and 
that  if  I  found  they  were  not  doing  it,  the  severest  penalty 
would  be  placed  upon  them.  I  know  positively  that  almost 
without  an  exception  those  problems  were  worked  individually 
in  complete  detail. 
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"Wlieii  I  say  that  the  honor  system  is  a  success  I  have  two 
reasons  for  it — (1)  a  careful  examination  of  the  papers  dis- 
closes no  evidence  of  cheating;  (2)  my  conversation  with  the 
boys  brings  out  evidence  of  the  same  fact.  Another  evidence 
is  the  elevation  of  the  moral  tone  of  the  college  in  the  past  two 
years.  Not  only  is  the  scholastic  work  improved,  but  the 
theoretical  work  is  better.  The  men  are  more  willing  to  work 
and  to  devote  their  time  to  doing  the  work  themselves. 

The  honor  committee  was  of  course  an  innovation.  The 
situation  this  year  was  difficult  to  cope  with.  During  the  first 
part  of  the  year  some  members  of  my  class  were  rather  dis- 
orderly and  as  I  am  not  much  of  a  disciplinarian,  the  honor 
committee  took  upon  themselves  to  discipline  the  unruly 
members. 

DiLvx  CooLET :  Perhaps  a  few  words  regarding  another 
method  of  conducting  examinations  will  be  interesting.  For 
the  past  two  years  I  have  framed  questions  so  as  to  draw  from 
the  students  answers  which  show  me  their  understanding  of 
the  subject  without  requiring  answers  to  definite  questions. 
For  example,  in  the  course  in  public  utilities,  the  students 
were  asked  first  to  discuss  the  possibility  of  a  three-cent  fare. 
The  second  part  of  the  question  called  for  the  elements  of  the 
problem  and  an  estimate  of  their  relative  weights  in  reaching 
a  conclusion  as  to  the  possibility  of  the  three-cent  fare.  I  do 
not  care  whether  they  put  into  their  answer  what  I  had  gone 
over  with  them  or  not.  As  a  matter  of  fact  there  were  some 
of  the  students  who  said  that  I  was  wrong  in  my  argument; 
and  that  another  professor  who  argued  on  the  same  subject 
was  wrong  also.  They  then  stated  that  their  own  opinions 
were  so  and  so.  That  lot  of  papers  was  the  most  interesting 
I  have  ever  read.  Every  one  was  a  surprise  to  me  from  the 
beginning  to  the  end.  I  believe  that  with  a  little  ingenuity 
questions  could  be  so  framed  as  not  to  raise  in  the  minds  of  the 
students  any  suggestion  of  cheating.  The  answers  would  come 
in  such  a  way  that  it  would  be  practically  impossible  for  stu- 
dents to  copy  from  one  another. 

Professor  Thomas:  In  the  upper  classes,  cheating  is  even 
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more  serious  than  in  the  lower  classes.  An  examination  every 
two  weeks  or  once  a  month  is  good  because  the  student  feels 
that  there  will  be  many  of  these  tests  and  failure  in  one  is  not 
necessarily  serious.  Further,  the  memory  is  fresh  in  the  sub- 
jects so  that  the  student  does  not  have  to  cram  for  the  exami- 
nation. The  more  general  adoption  of  computation  periods, 
in  which  the  students  receive  all  the  help  that  can  be  given  by 
instructors,  would  tend  to  reduce  dishonesty. 


REQUISITE  QUALIFICATIONS  OF  AN  ENGINEER- 
ING COLLEGE  INSTRUCTOR. 

BY  OLITEE  B.  ZIMMEEilAX, 
Charles  Citr,  Iowa. 

As  one  reads  the  papers  presented  for  consideration  before 
our  Society,  as  given  in  the  "Proceedings,"  it  would  be  evi- 
dent that  those  most  often  treated  are  the  engineering  courses, 
equipments,  laboratories,  buildings  and  methods  of  presenting 
the  engineering  subjects,  while  an  important  factor  of  the 
engineering  college — the  instructor — his  qualifications  and  his 
improvement  has  so  seldom  been  discussed  or  even  hinted  at. 
as  to  make  it  remarkable  in  a  society  whose  specific  purpose 
for  fifteen  years  has  been  ''The  Promotion  of  Engineering 
Education." 

"While  it  is  out  of  the  question  for  any  one  individual  to 
attack  this  topic  with  the  hope  of  outlining  a  complete  solu- 
tion, or  even  for  him  to  anticipate  the  many  phases  that  may 
arise,  this  topic  must  necessarily  come  before  our  Society  for 
discussion,  hence  the  writer  will  advance  the  subject  for  your 
consideration  in  the  hope  of  an  eventful  thorough  treatment. 

Kealizing  that  the  discussion  of  our  own  qualifications  is 
more  than  likely  to  be  a  delicate  one.  I  ask  that  frankness  be 
not  taken  for  criticism  and  that  the  endeavor  to  call  attention 
to  general  defects  in  a  goodly  number  of  instructors  be  not 
taken  to  include  aU. 

Throughout  this  paper  an  instructor  will  be  understood  to 
be  one  who  directs  the  work  in  an  engineering  college,  as  well 
as  he  who  teaches  the  technical  subjects.  This  includes  those 
who  instruct  in  engineering,  mathematics,  physics  and 
chemistry. 

For  a  number  of  years  past,  the  writer  has  had  frequent 
conversations  with  engineering  college  students,  alumni  and 
business  men  as  well  as  with  instructors,  representing  all  of 
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the  well-known  schools,  and,  naturally,  the  topics  discussed 
included  education,  methods  of  presentation  and  instructors. 

These  conversations  developed  a  peculiar  earnest  agreement 
upon  the  theme  of  this  paper,  consequently  the  points  ad- 
vanced must  be  credited  not  to  the  writer  alone  but  rather  to 
a  consensus  of  opinion,  although  he  himself  wishes  to  bear  the 
responsibility  for  this  presentation. 

The  typical  engineering  college  instructor  as  seen  through 
the  eyes  of  those  mentioned  may  be  roughly  pictured  thus : 

Concerning  the  moral  and  physical  qualifications  there  is 
general  agreement  that  they  are  very  satisfactory.  In  theo- 
retical teaching  the  older  instructors  are  credited  with 
strength,  each  being  particularly  well  read  in  his  chosen  line 
of  study — resulting  in  a  productiveness  along  the  lines  of  notes 
and  text-books.  They  often  continue  research  in  a  methodical 
way,  largely  from  the  purely  theoretical  side,  work  contin- 
uously, but  they  are  not  strenuous. 

The  instructor  is  usually  a  fair  teacher,  pleasant  to  deal 
with,  but  has  not  the  push,  drive  or  ability  to  handle  men, 
required  by  the  business  man — instead  there  too  often  appears 
a  tendency  to  overload  the  student  with  work,  the  fulfillment 
of  which  will  not  ultimately  be  required.  His  attitude  toward 
mistakes  would  not  and  could  not  be  tolerated  in  real  practice. 
If  the  defects  were  to  be  summed  up,  they  would  come  under 
the  more  specific  head  of  "Lack  of  Practical  Experience,  and 
Contact  with  the  Practical  Side  of  Engineering." 

To  this  head  then  I  will  devote  myself,  and  attempt  to  point 
out:  (1)  The  effect  of  this  lack  of  experience  on  the  instructor 
himself;  (2)  the  effect  of  this  lack  of  practical  experience 
upon  the  student,  alumnus,  the  professional  engineer  and  the 
community;  (3)  some  suggestions  as  to  the  remedies  for  this 
condition. 

How  does  the  instructor  develop?  As  a  general  rule,  with 
the  rapid  increase  in  the  number  of  students  attending  our 
engineering  colleges,  it  has  been  necessary  to  develop  instruc- 
tors from  that  natural  source — the  graduates  and  post-grad- 
uates.    The  more  brilliant  students  are  selected  to  assist  in 
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the  so-called  elementarr  subjects,  descriptive  geometry,  me- 
chanical drawing,  surveying,  shopwork,  or  in  the  laboratories. 
These  young  men  take  kindly  to  it  owing  to  the  desire  to  make 
use  of  their  knowledge,  to  the  satisfaction  of  being  selected 
to  remain  in  the  college  atmosphere,  and  partially  through  a 
fear  of  entering  professional  life. 

By  serious  application,  with  no  pedagogical  training  what- 
soever, they  develop  into  more  or  less  efficient  instructors.  In 
the  two  or  three  years  following  some  are  lost  to  engineering 
practice,  and  the  more  efficient  instructors  are  promoted  to 
the  duties  of  a  professorship.  In  this  progress,  it  is  quite 
usual  for  some  of  the  more  able  young  instructors  to  spend  a 
month  or  two  during  the  summer  vacation  with  a  manufac- 
turing concern  or  in  the  field,  upon  duties  which  unfortu- 
nately and  necessarily  are  temporary,  mediocre,  and  not  cal- 
culated to  give  that  correct  insight  that  the  instructing  engi- 
neer should  have  into  the  responsibility  and  true  duties  of  a 
practicing  engineer. 

This  experience  is  followed  up  more  and  more  infrequently, 
the  older  the  instructor  becomes,  until  in  the  later  years  no 
such  work  is  undertaken.  For  proof  of  this,  read  over  the 
applications  of  instructors  to  membership  in  engineering 
societies. 

Through  his  constant  and  thorough  reading  along  some  one 
line,  by  investigation,  and  thought  on  his  specialty,  he  grows 
to  believe  himself  to  be,  and  he  is,  an  expert — though  far 
from  a  practical  expert — upon  this  subject.  This  develops 
naturally  into  a  tendency  for  certain  ones  to  enter  themselves 
in  that  group  of  practitioners  known  as  consulting  engineers, 
and  experts;  in  other  words  they  grow  to  overestimate  them- 
selves and  the  magnitude  of  their  practical  accomplishments. 
Let  it  be  understood  here  that  the  professional  engineer  rec- 
ognizes that  there  are  upon  the  faculties  of  our  engineering 
colleges  to-day — many  men  outside  of  the  class  above  men- 
tioned and  upon  whom  no  such  criticism  can  or  should  be 
placed.  Without  mentioning  the  living,  and  to  give  but  a 
single  example,  who  would  discredit  a  man  like  Robert 
Thurston? 
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I  doubt  whether  it  is  possible  for  the  professional  prac- 
titioner to  have  a  more  thorough  comprehensive  view  of  en- 
gineering than  have  some  of  our  educators  to-day — men  who 
are  persistent  in  their  contact  with  the  practical  side  of  engi- 
neering. Yet  we  are  now  considering  the  average  instructor 
— and  he  cannot  avoid  average  criticism.  On  the  other  hand, 
there  seems  to  be  a  very  large  percentage  of  our  instructors 
who  fully  realize  the  situation,  who  understand  that  they  are 
decidedly  weak,  practically  admit  it,  and  yet  make  no  effort 
to  correct  the  mistake.  For  example,  how  many  instructors 
of  machine  design  have  spent  even  a  month's  time  upon  the 
floor  of  a  real  foundry — in  order  to  get  the  proper  insight 
into  the  principle  of  drafts,  supporting  of  cores,  ramming  up 
of  the  mold  and  pouring?  Is  this  beneath  them?  Can  they 
teach  design  or  have  the  proper  viewpoint  from  which  to 
direct  even  elementary  design  without  it  ?  I  say  no.  In  most 
cases  the  design  of  the  instructor  may  be  improved  by  a  pro- 
fessional engineer,  by  perhaps  the  addition  of  a  little  metal 
here  and  the  removal  of  a  rib  there,  which  may  reduce  the 
cost  of  casting  to  one  half;  both  designs  look  alike — ^yet  how 
different  from  the  practical  side. 

How  many  instructors  of  surveying  could  do  some  of  the 
simpler  problems  in  connection  with  shop  buildings  as  well 
from  a  practical  standpoint  with  a  plumb  bob  and  carpenter's 
hand  level,  as  can  be  done  with  an  engineer's  transit  or  level? 

It  is  often  the  realization  of  these  weaknesses  that  makes  a 
conscientious  instructor  have  what  is  almost  an  aversion  of 
making  an  exhibition  of  himself.  It  is  easier  to  read  books  or 
take  a  vacation  trip  in  the  woods  than  to  put  on  a  pair  of 
overalls  and  come  in  actual  contact  with  the  mechanic.  You 
see  the  result. 

The  keen  foresight  of  the  practicing  engineer;  the  seeing 
all  around  a  question;  the  "ifs"  and  ''ands"  the  "buts"; 
the  better  and  cheaper  ways;  the  swifter  and  more  direct 
methods;  cost  and  delay  due  to  error;  the  necessity  of  notic- 
ing even  the  apparently  absurd  points  as  things  of  impor- 
tance; the  calm  and  swift  decision  necessary  when  things  go 
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wrong — are  phases  of  engineering  against  which  the  average 
protessoT  seldom  or  never  comes.  The  judgment  necessary  in 
the  selection  of  materials  for  specific  purposes  that  seem  para- 
doxical to  an  instructor,  are  axioms  to  the  engineer.  The 
realization  intuitively  of  the  nature  of  strains  and  stresses, 
and  the  rapid,  approximate  methods  of  calculation,  result 
only  from  complete  contact  with  practice  over  more  than  a 
few  scattered  months.  It  is  these  points  which  when  com- 
prehended give  an  atmosphere  to  an  engineer,  which  would  be 
of  infinite  value  to  every  instructor,  and  of  incalculable  in- 
ductive effect  on  the  student. 

How  does  this  lack  of  practical  insight  affect  the  student, 
the  alumnus,  the  business  man?  Without  this  atmosphere 
there  will  surely  be  defective  teaching.  For  even  though 
parts  of  the  subject  taught  at  times  do  not  open  up  the  chance 
to  impr^s  upon  the  student's  mind  the  seriousness  of  his 
studies,  the  instructor  inspires  more  respect,  more  attention 
and  induces  a  more  correct  insight  in  the  student  if  his  own 
point  of  view  is  practieaL  Is  it  not  certain  that  students  work 
better  for  those  they  know  have,  and  can,  accomplish  results 
practically?  Does  not  the  student  resent  being  placed  under 
a  young  instructor  not  so  qualified  ?  How  often  I  have  heard 
the  expression  in  reference  to  this  or  that  instructor — ' "  He  is 
all  right  theoretically,  but — . ' ' 

My  own  experience  during  five  years  of  college  instruction 
was  that  every  class  of  engineers  may  be  brought  to  sharp 
attention  by  tactfully  introducing  some  practical  theme  along 
the  line  of  diseu^on;  it  never  failed,  whereas  a  splendid 
theoretical  analysis  too  often  had  the  opi>osite  effect. 

And  the  alumnus?  He  foUows  his  college  invariably  with 
a  loyalty  for  her  welfare  stronger  than  faculties  know. 
"Whenever  it  is  noted  through  the  papers  that  a  new  man  has 
been  added  to  the  staff,  the  lists  of  the  professional  engineers 
are  searched  to  see  who  he  is  and  what  he  has  done  and  satis- 
faction or  disapproval  foUows  the  investigation.  This  must 
indicate  that  there  is  a  desire  on  the  part  of  those  who  are  in 
actual  contact  with  these  everyday  propositions  to  have  prac- 
tical engineering  instructors  in  their  ahna  mater. 
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What  the  business  man  too  often  thinks  can  be  best  summed 
up  in  what  was  once  expressed  to  me  during  a  conversation 
with  a  well-known  engineer:  "Yes,  I  have  employed  a  good 
many  instructors,  and  all  I  can  say  is — I  am  afraid  to  use 
them." 

In  view  of  these  arguments,  gentlemen,  is  it  not  vital  that 
steps  be  taken  to  improve  this  condition  ?  These  expressions 
hurt  deeply  everyone  who  has  made  honest  efforts  to  fulfill 
his  place  to  the  best  of  his  ability,  for  they  know  that  these 
conditions  tend  to  keep  the  engineering  college  instructor  and 
the  professional  engineer  apart.  This  is  not  as  it  should  be, 
and  we  must  take  steps  to  remedy  the  trouble. 

The  remedies  must  be  looked  for.  Naturally  it  falls  upon 
the  deans,  or  those  responsible  for  the  selection  of  members 
of  faculty,  to  do  their  part  in  keeping  constantly  on  the  alert 
to  find  men  who  will  better  fulfill  the  requirements  of  a  good 
teacher  and  a  good  engineer.  Good  men  can  be  induced  to 
accept  these  positions  if  certain  natural  liberties  are  granted 
them  in  the  way  of  permitting  such  outside  work  as  will,  be 
it  distinctly  understood,  not  too  frequently  and  continuously 
interfere  with  the  prime  duty  of  the  instructor. 

Again,  higher  salaries  must  be  paid  to  attract  men  of  this 
type.  The  dean  must  urge,  if  not  insist  upon,  his  subordinates 
pursuing  some  practical  work  at  least  every  other  summer, 
even  though  it  be  at  a  meager  salary.  Let  him  see,  too,  that 
the  instructor  is  not  so  loaded  down  with  duties  as  to  prevent 
the  pursuit  of  original  work  without  too  strenuous  effort,  and 
let  this  original  work  be  of  such  a  nature  as  may  be  turned  to 
some  practical  advantage  when  time  permits  of  the  practical 
contact.  In  other  words,  directors  should  push  out  their  sub- 
ordinates into  practical  ways  of  thought  and  action  until  the 
exhilaration  of  real  development  is  felt  by  both. 

The  wide  difference  between  the  amount  of  time  that  can  be 
devoted  to  both  study  and  practical  accomplishment  by  the 
professor  of  history  and  the  professor  of  engineering  should 
be  evident  to  presidents  of  colleges.  The  amount  of  time  de- 
voted by  the  one  to  research  in  books  should  be  compared  to 
the  time  devoted  to  practical  accomplishment  by  the  other. 
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Let  me  ask  the  deans  and  head  professors  of  engineering 
how  many  are  satisfied  with  their  acquaintance  with  nearby 
engineering  works  and  their  officers?  Why  is  it  that  fiims  do 
not,  from  one  year's  end  to  anotlier,  reeeiTe  a  friendly  visit 
from  one  of  the  college  staff,  and  why  do  not  the  manufac- 
tnrers  visit  more  often  at  the  colleges  of  engineering?  Unless 
tiiis  interrelation  is  more  folly  carried  out.  can  the  engineer- 
ing c<dlege  best  serve  the  needs  of  the  commonwealth  that 
supports  it* 

Veiy  fortunately  there  is  developing  a  closer  relation  be- 
tween ibe  various  national  engineering  societies  and  the  engi- 
neering colleges.  The  work  of  their  committees  on  education 
will  unquestionably  assist  the  faculty  materially  in  bettering 
the  conditions  as  here  advanced.  Our  instructors  must  affili- 
ate with,  and  attend  the  meetings  of  these  national  societi^ 
frequently,  in  order  to  get  the  izr  r\:  -.i  :hat  follows  such 
eonta::  ^i  h  :  r  minds  Sr".-  :.  ^  n-  line  of  investiga- 
tion^ iz.iT  vr,_  lu.^  these  mer"  ::--  :  /-.  ::  i^rn  ready  to  talk, 
advise  and  even  give  more  m^:  r  ..  is-  s::^::  r  : :  rrsearch,  who 
only  wish  to  know  that  the  ins:r  : ::  r  i-  ^r.:  — -  -  — r-ring  and 
pursuing  something  that  is  of  viuiic  lo  iiic  pr-i-icicsjv^iL, 

In  conclusion  then,  let  me  assure  you,  gentlemen,  of  the 
deepest  interest  of  all  those  with  whom  I  have  conversed  upon 
this  subjecL  Each  has  expre^ed  his  desire  to  better  the  con- 
dition whenever  po^ible,  yet  has  felt  that  natural  reluctance 
of  criticising  openly,  those  for  whom  they  have  the  kindliest 
feelings.  Each  realized  the  difficulty  of  discussing  the  ques- 
tion without  creating  a  feeling  that  in jastiee  might  be  done 
to  many  of  the  engineering  instruct; rs  Yr:  raeh  one  felt 
keenly  the  desire  to  have  more  of  a  practical  engineering 
atmosphere  about  the  instructor  and  college. 

Upon  the  question  of  courses  and  subjects  taught,  there  wss 
an  inclination  not  to  interfere,  for  they  consider  our  faculties 
better  able  to  judge  of  their  points  than  they. 

Every  member  of  the  society  must  admit  that  improvement 
in  the  instructors  is  jMssible.    Whether  or  not  the  lines  indi- 
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cated  above  are  the  best  ones,  can  be  determined  only  by 
thorough  discussion.  I,  therefore,  submit  to  this  Society  the 
question:  Among  the  requisite  qualifications  of  the  engineer- 
ing college  instructor — is  not  that  of  a  practical  atmosphere 
and  understanding  one  of  the  most  important? 


THE    SUMMER    SCHOOL    PROBLEM,    PARTICU- 
LARLY  FOR   SURVEYING  AND   GEODESY. 

BY  CHAELES  DEELETH.  Jr.. 

Professor  of  CiTil  Engineering,  Dean  College  of  Civil  Engineering, 
UniTersity  of  California. 

There  is  a  marked  difference  of  opinion  among  engineering 
instructors  as  to  the  necessity,  efficiency  and  value  of  summer 
schools  of  surveying.  In  existing  schools  there  is  much  varia- 
tion in  scope  of  work  and  methods  of  instruction.  No  summer 
school  requirements  are  found  in  the  curricula  of  a  number  of 
well-known  institutions,  it  being  preferred  to  allow  the  stu- 
dent freedom  for  practical  work  during  vacations.  In  these 
institutions  all  field  practice  is  given  during  the  winter  terms 
at  the  university.  In  other  places  the  student  is  given  an 
option  either  to  attend  the  summer  school  of  the  university, 
or  to  give  evidence  of  satisfactory  practical  employment  dur- 
ing the  vacation  period.  A  third  class  of  institutions  conducts 
summer  schools  by  contracting  with  a  corporation  or  owner 
to  do  surveying  for  compensation,  thus  making  it  unnece^ary 
for  the  student  to  defray  his  expenses.  A  fourth  group  of 
schools  make  summer  instruction  compulsory,  maintain  a  no- 
madic or  a  permanent  site  for  the  camp,  and  require  attend- 
ance for  from  one  to  three  summers. 

With  such  great  differences  in  principle  and  method  it 
seems  clear  to  me  that  the  subject  is  worthy  of  further  con- 
sideration. Though  this  Society  has  devoted  in  its  ''Proced- 
ings"  much  space  to  the  discussion  of  summer  surveying 
schools  no  general  consensus  of  opinion  has  been  reached  and 
no  distinct  decisions  have  been  outlined  by  any  group  of 
instructors.  Naturally,  the  location  of  a  university,  whether 
in  the  heart  of  a  great  city,  or  situated  in  country  lands,  has 
its  direct  bearing  upon  the  necessity  for  summer  schools.  It 
is  certainly  true  that  a  university  like  Columbia  in  Xew  York 
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City  requires  a  summer  session  for  surveying,  while  a  school 
with  a  large  campus  and  surrounding  property  owners  who  do 
not  object  to  the  use  of  their  lands  for  surveying  during  the 
winter  terms  has  less  need  of  it.  But  the  question  arises, 
would  not  the  schedule  of  instruction  at  both  types  of  insti- 
tutions be  benefited  by  some  prescribed  summer  work.  A 
summer  school  of  surveying,  or  of  railroad  and  hydrographic 
practice,  or  of  geodesy,  either  is  valuable  or  unnecessary.  I 
do  not  believe  that  one  can  claim  that  the  question  deserves 
an  attitude  of  indifference.  I  do  not  believe  that  a  student 
can  gain  as  a  rodman  for  a  railroad,  the  training  which  it  is 
intended  shall  be  given  by  carefully  outlined  practical  courses 
at  a  university.  The  freshman  or  sophomore  engineering  stu- 
dent hired  as  an  axeman,  rodman,  or  transitman,  gains  a 
certain  amount  of  routine  practice  in  a  summer's  work;  but 
he  does  not  get  an  opportunity  to  study  the  relative  accuracies 
of  instruments  and  the  relative  merits  of  different  methods  of 
procedure.  He  does  not  get  the  same  benefits  from  his  prac- 
tical employment  (despite  the  salary  of  $40  or  $50  per  month) 
that  he  may  obtain  by  acting  as  a  unit  in  a  railroad  party  at 
a  summer  school  where  a  complete  problem  is  outlined  and 
each  student  is  given  an  opportunity  to  test  his  abilities  to 
solve  that  problem  from  beginning  to  end.  In  the  latter  case 
he  has  also  the  privilege  of  working  with  his  fellows  with 
a  chance  to  exercise  his  ingenuity  and  power,  to  take  upon 
himself  responsibilities,  to  influence  and  command  his  asso- 
ciates, and  develop  his  imagination? 

The  summer  school  problem  is  of  immediate  interest  to  us 
at  the  University  of  California  since  we  have  reached  a  stage 
where  we  believe  it  necessary  to  establish  a  camp  at  a  perma- 
nent site  with  the  intention  of  introducing  definitely  planned 
improvements  from  year  to  year.  In  what  follows  I  present : 
(1)  A  short  history  of  the  surveying  camp  at  the  University 
of  California  with  a  partial  description  of  its  latest  develop- 
ment to  make  clear  our  own  problems;  (2)  extracts  from 
comments  and  expressed  opinions  recently  sent  to  me  by 
instructors  representing  a  majority  of  our  American  schools 
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of  technology;   (3)   a  classified  tabulation  of  surveying  sum- 
mer schools  of  different  tj-pes,  and  (4)  my  conclusions. 

Summer  School  of  Sltjvetixg,  Universitt  of  California. 

Our  earliest  summer  session  was  held  at  Martin's  Mills  in 
1886.  In  1887  and  1888  special  classes  were  taken  to  the 
neighborhood  of  San  Jose  by  Professor  W.  G.  Raymond,  now 
dean  of  the  engineering  school  of  Iowa  State  College.  In 
the  following  years  the  camp  was  not  maintained  ever>'  vaca- 
tion period.  In  1895  Professor  H.  I.  Randall  took  a  party  of 
fifteen  students  to  the  vicinity  of  Markham.  Sonoma  County, 
Cal.  Since  that  date  a  successful  summer  school  of  surveying 
has  been  held  each  year.  During  the  past  twelve  years  its 
growth  has  been  continuous ;  and  since  1903  it  has  developed 
with  leaps  and  bounds.  The  following  table  (I.)  prepared 
by  ]\Ir.  W.  X.  Frickstad,  director  of  our  summer  school  for 
1907,  clearly  indicates  the  history  and  growth  of  our  survey- 
ing school.  To  this  table  I  have  added  figures  for  1908.  By 
combinations  of  the  student  maps  prepared  from  field  notes 
we  have  made  elaborate  topographical  sheets  showing  the 
camp  properties  as  used  at  Point  Lobos,  1901-3,  and  at  Lid- 
dell  Creek,  1904-8.  The  1908  school  was  a  great  improvement 
on  its  predecessors,  particularly  due  to  improvements  in 
buildings  and  equipment  and  to  greater  strictness  in  the 
enforcement  of  educational  regulations  and  discipline.  The 
instrumental  equipment  has  been  generously  enlarged.  An 
up-to-date  ofiice  building  has  been  erected  as  a  wing  to  the 
older  instrument  building,  the  cook  house  has  been  developed 
and  an  efiicient  water  system  furnishing  running  water  intro- 
duced, etc.  But  most  of  the  improvements  completed  this 
year  have  been  made  in  such  a  manner  that  the  camp  property 
may  be  moved  without  serious  loss. 

Our  suj^ej-ing  schools  are  conducted  by  the  Department  of 
Civil  Engineering.  Freshmen  students  of  all  the  engineering 
colleges  (mining,  mechanical  and  electrical,  civil  engineer- 
ing) are  required  to  attend  for  four  weeks  at  the  close  of  the 
freshman  year.      Civil   engineers   are   required  to   attend   a 
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second  year  for  four  weeks,  either  to  pursue  railway  survey- 
ing problems  or  problems  in  hydraulics  and  hydrographie 
surveying.     These  prescriptions  normally  are  satisfied  at  the 

TABLE  I. 


Camping  Place. 

Attendance.* 

Year. 

Course 
3  A. 

Course 
3B. 

Total. 

Director. 

1886 
1887 
1888 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 

Martin's  Mills 
San  Jose,  Mt.  Hamilton 
Mt.  Hamilton 
Markham,  Sonoma  Co. 
Markham,  Sonoma  Co. 
Lafayette,  Alameda  Co. 
Calistoga,  Napa  Co. 
Menlo  Park,  San  Mateo  Co. 
Calistoga,  Napa  Co. 
Point  Lobos,  Monterey  Co. 
Point  Lobos,  Monterey  Co. 
Point  Lobos,  Monterey  Co. 
Santa  Cruz,  Santa  Cruz  Co. 
Santa  Cruz,  Santa  Cruz  Co. 
Santa  Cruz,  Santa  Cruz  Co. 
Santa  Cruz,  Santa  Cruz  Co. 
Santa  Cruz,  Santa  Cruz  Co. 

24 

45 

52 

61 

90 

176 

89 

201 

123 

4 
4 

12 

15 
22 
44 
24 
41 
47 

15? 

28 

49 

62 

64 

76 
112 
220 1 
113 
242  t 
160 1 

W.G.Raymond 
W.G.Raymond 
W.G.Raymond 
H.  I.  Randall 
H.  L  Randall 
H.  H.  Hirst 
L.  E.  Hunt 
L.  E.  Hunt 
L.  E.  Hunt 
A.  E.  Chandler 
J.  H.  Dye 
C  Loring 
E.  N.  Prouty 
E.  N.  Prouty 
E.  N.  Prouty 
W.  N.  Frickstad 
W.  C.  Willard 

*  For  a  description  of  these  courses  consult  the  *  *  Announcement  of 
Courses"  published  by  the  University  Press;  also,  the  Special  Summer 
School  of  Surveying  Prospectus  of  the  Department  of  Civil  Engineering. 

t  Two  sessions.  Eleven  students  (8  in  course  3B  and  3  in  course  3A) 
performed  their  work  in  January,  1907,  having  been  prevented  from 
attendance  in  1906  because  of  the  San  Francisco  earthquake  and  fire. 

end  of  the  junior  year.  Civil  engineering  students  who  elect 
our  railroad  course  take  in  addition  astronomical  field  prac- 
tice for  the  determination  of  latitude,  longitude,  azimuth  and 
time.  At  present  all  of  this  work  is  done  during  the  winter 
at  Berkeley  at  the  Students'  Observatory.  It  is  probable  that 
it  will  always  be  so  done  under  the  direction  of  the  Depart- 
ment of  Astronomy;  but  in  the  development  of  our  geodetic 
instruction  we  are  thinking  of  introducing  geodetic  field  prac- 
tice (base  line  measurements,  hypsometry,  theodolite  angle 
readings,  etc.)  for  special  students,  and  we  believe  that  such 
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practice  can  best  be  offered  at  a  summer  camp.  Our  present 
problem,  therefore,  contemplates  a  survej-ing  camp  at  a  per- 
manent site  for  instruction  of  all  engineering  freshmen,  for 
civil  engineering  juniors  vrho  take  railroad  and  hydraulic 
problems,  and  for  special  students  in  railway"  engineering  who 
propose  to  emphasize  the  study  of  geodesy. 

Camp  Finances. 

The  camp  finances  are  handled  through  two  accounts;  (1) 
the  university  fund,  (2)  a  commissary  fund. 

University  fund. — By  regulation  each  student  pays  a  fee 
of  fifteen  dollars  for  each  camp  course.  For  late  registration, 
that  is,  if  the  student  attends  camp  later  than  his  regular 
year,  the  fee  is  twenty  dollars. 

Commissary  Fund. — In  the  past  each  student  paid  into  a 
camp  treasurj^  twenty  dollars.  This  sum  covered  his  rail- 
road fare  from  and  to  Berkeley,  and  his  board  for  four  weeks 
at  camp.  Any  surplus  was  returned  to  the  student.  In  1907, 
on  account  of  the  prevailing  high  prices  for  food  products, 
it  was  necessary  to  make  an  extra  assessment  of  about  $2.50, 
making  a  total  paj-ment  of  $22.50  per  individual  for  the 
camp  session  of  four  weeks.  In  1908,  the  commissary-  deposit 
was  raised  to  $30.00.  Of  this  sum  about  $24.00  defrayed 
railroad  fares  and  living  expenses.  The  balance  of  $6.00  was 
returned  to  the  student  at  the  close  of  the  school  unless  there 
were  other  charges  against  his  account.  Extra  charges  per 
student  may  occur  in  two  ways:  (1)  Fines  for  breakage  of 
instruments;  (2)  sundry  purchases  from  our  camp  coopera- 
tive store.  The  commissary  deposit  was  raised  to  $30.00  to 
insure  a  balance  in  the  students'  favor.  Sometimes,  but 
rarely,  exceptional  breakage  or  injury  to  instruments  brings 
a  heavy  fine  upon  a  student,  in  which  case  an  additional  pay- 
ment is  demanded. 

Instructing  Staff. 
In  1908  our  instructing  and  commissary  staff  consisted  of 
the  following  officers :  a  director,  five  instructors,  a  commis- 
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sary  agent,  a  physician,  a  janitor  and  three  cooks.  We  em- 
ployed students  to  wait  on  table.  Camp  was  built  in  the 
fortnight  preceding  the  beginning  of  the  first  session  (May 
14)  and  was  closed  in  the  week  following  the  end  of  the 
second  session  (July  12).  The  university  employs  students 
to  assist  the  instructors  in  the  making  and  breaking  of  camp, 
paying  them  at  nominal  rates  for  their  services. 

Requirements  for  a  Camp  Site. 
In  seeking  a  proper  locality  we  have  been  guided  by  the 
following  conditions: 

1.  The  university  to  control  at  least  two  square  miles  of 
broken  country  containing  the  shore  line  of  a  body  of  water 
(ocean  or  lake)  and  several  streams,  preferably  with  a  junc- 
tion of  two  or  more  streams ;  the  site  to  be  rich  in  topography, 
but  not  so  rough  as  to  lend  itself  inadequately  to  railroad 
and  canal  problems,  or  to  present  unfavorable  ground  for 
geodetic  base  lines;  the  site  to  be  owned  outright  or  leased 
for  a  period  of  ten  or  more  years.  Beside  owning  or  leasing 
two  square  miles  or  more  the  university  to  make  arrangements 
with  neighboring  land  owners  to  allow  reasonable  trespass  on 
their  lands  for  occasional  surveying  parties  whose  work  must 
extend  over  considerable  areas;  for  example,  railroad  sur- 
veying parties.  The  property  recommended  to  be  sublet  for 
ranch  purposes  with  water  rights;  the  lessee  to  act  as  care- 
taker for  the  university  property  and  surveying  school 
equipment. 

2.  An  ample  water  supply  providing  pure  drinking  water, 
water  for  kitchen  and  washing  purposes,  and  drainage  for  a 
sewer  system.  A  limited  system  of  pipes  with  intake  above 
camp  headquarters  to  provide  running  water  under  pressure 
in  the  cook  house,  dish- washing  shed,  wash  house,  shower 
baths  and  taps  for  sprinkling  in  the  neighborhood  of  the  tents 
and  main  buildings;  further,  to  supply  fire  pressure. 

3.  A  bathing  place  for  the  students.  At  Santa  Cruz  there 
is  an  excellent  natural  ocean  beach.  An  inland  camp,  to 
answer  this  requirement,  to  be  near  a  large  lake  or  river. 
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4.  To  facilitate  surveying  operations,  the  camp  to  afford 
an  absence  of  underbnisli,  poison  oak  and  ivy,  the  property 
to  contain  little  timber  land  and  to  be  rich  in  open  country. 

5.  The  site  to  provide  a  level  place,  shaded,  protected  and 
centrally  located  for  the  building  of  headquarters.  At  Santa 
Cruz  this  requirement  is  well  supplied  by  the  Liddell  Canyon. 

6.  The  site  to  be  accessible  to  a  main  railroad  line  and  not 
more  than  one  hundred  miles  from  the  university,  with  good 
wagon  roads  from  the  nearest  railroad  station  to  camp  head- 
quarters, and  a  short  haul  from  station  to  camp. 

7.  A  large  town  to  be  near  by,  say  ten  miles  distant;  to 
serve  as  a  market  for  purchasing  supplies,  and  to  furnish  a 
telephone,  telegraph  and  mailing  center.  No  community, 
that  is,  town,  summer  resort  or  roadhouse,  to  be  near  the 
school. 

8.  The  site  to  enjoy  an  equable  climate;  that  is,  freedom 
from  prevailing  winds,  thick  fogs,  extreme  heat  or  intense 
cold. 

The  Santa  Cruz  site  answers  almost  all  of  these  require- 
ments, the  exceptions  being:  (1)  Want  of  ownership;  (2) 
lack  of  a  lease;  (3)  high  winds  in  the  afternoon;  (4)  con- 
siderable fog. 

Surveying  Summer  Schools  at  other  Universities. 

The  subject  of  summer  schools  of  surveying  has  been  gen- 
erously discussed  at  past  annual  meetings  of  the  Society.  A 
number  of  descriptive  articles  with  discussions  have  appeared 
in  the  "Proceedings."*  At  the  Society's  meeting  in  St.  Louis 
in  1904,  Professor  A.  Marston.  of  Iowa  State  College,  made 
clear  the  reasons  why  practical  surveying  schools  cannot  be 
alike  at  different  institutions.  He  said  in  part:  "Local  con- 
ditions exert  a  large  influence  to  affect  engineering  courses 
at  different  institutions  and  in  no  particular  is  this  more 
true  than  in  instruction  in  field  surveying.  Evidently,  an 
institution  located  in  the  heart  of  a  great  city  can  have  small 
opportunity  for  carrying  on  field  work,  while  college  is  in 

*  Consult  Volumes  I.,  XII.,  and  XIII. 


THE   SUMMEE   SCHOOL   PKOBLEM,  223 

session,  in  direct  connection  with  its  class-room  work,  and 
may  be  forced  to  transfer  practically  all  of  its  field  work  to 
the  summer  surveying  school.  The  Iowa  State  College,  on 
the  other  hand,  OAvns  over  eight  hundred  acres  of  land  in  one 
body,  and  is  located  in  a  country  district  where  the  surround- 
ing private  land  owners  do  not  object  to  the  carrying  on  of 
surveys  over  their  lands  by  students.  The  conditions  are, 
therefore,  very  favorable  for  carrying  on  a  considerable  part 
of  the  field  work  in  direct  connection  with  the  class-room  work 
in  surveying  and  railway  engineering."* 

Professor  H.  C.  Ives,  of  the  University  of  Pennsylvania, 
in  a  discussion  of  Professor  Marston's  paper,  f  makes  the  fol- 
lowing statement:  "There  are  four  different  ways  of  arrang- 
ing the  theory  and  field  work  in  surveying.  First,  where  the 
recitation  work  is  given  during  the  term,  supplemented  by 
sufficient  field  work  to  give  the  students  a  clear  understanding 
of  the  construction  and  use  of  the  instruments,  and  possibly 
by  a  longer  continuous  session  during  the  summer.  Second, 
where  the  recitation  and  lecture  work  are  given  during  the 
term  time  with  no  field  work,  all  field  work  being  given  in 
the  summer  session.  Third,  where  no  recitation  or  field  work 
is  given  during  the  term,  both  being  given  in  the  summer 
school,  a  lecture  preceding  the  field  work  of  the  day,  with 
examinations  at  intervals.  And  fourth,  where  the  men  are 
started  in  field  work  before  the  opening  of  the  fall  term  and 
before  recitation  work  has  been  given,  but  with  sufficient 
directions  for  its  successful  conduct. 

"The  first  of  these  methods  is  pursued  at  the  University  of 
Pennsylvania,  the  second  at  Columbia  University,  the  third 
at  Harv'ard  University,  and  the  fourth  at  the  Sheffield  Sci- 
entific School  of  Yale  University. 

In  October,  1907,  we  sent  a  circular  letter  of  inquiry  to 
instructors  at  every  engineering  school  in  the  country,  request- 
ing that  they  give  us  certain  information  relating  to  their 
ideas  of  summer  instruction  in  surveying.     "We  received  a 

*  See  ' '  Proceedings, ' '  Volume  XII.,  page  131. 
t  See  ' '  Proceedings, ' '  Volume  XII.,  page  143. 
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large  number  of  replies,  of  which  about  twenty  discussed  the 
question  in  considerable  detail.  In  the  following  paragraphs 
I  refer  to  statements  from  these  letters.  The  statements  are 
summarized  in  the  succeeding  paragraphs  and  the  schools 
have  been  arranged  into  three  groups. 
I.  Summer  field  ivork  conducted  in  the  country  immediately 

before  or  after  the  hoarding  season,  using  hoarding  houses 

as  headquarters. 

1.  New  York  University;  at  Kingston,  New  York. 

"Two  classes  are  taken,  the  junior  and  senior.  The  junior 
class  makes  a  complete  topographic  survey  covering  an  area 
of  several  square  miles,  also  a  hydrographic  survey  of  a  por- 
tion of  Rondout  Creek.  The  seniors  make  all  the  surveys  up 
to  and  including  the  location  of  a  railroad. 

"TVe  do  not  have  individual  problems.  The  classes  are 
organized  at  the  start  as  any  large  surveying  corps  would  be 
on  an  extensive  survey,  and  this  organization  is  maintained  to 
the  end.  We  board  at  summer  boarding  houses,  which  up 
to  the  present  time  have  answered  our  purposes.  We  have 
no  property  of  our  own  nor  do  we  lease  any.  We  use  the 
eountrj'  at  large,  of  course  obtaining  permission  of  property 
owners  to  cross  their  land.  Our  classes  are  reaching  such  a 
size  that  we  shall  soon  have  to  arrange  other  means  of  quar- 
tering them." 

2.  University  of  Pennsylvania;  in  the  mountains  of 
Pennsylvania. 

"Surveying  at  this  institution  is  given  only  to  students  in 
civil  engineering,  and  is  not  taken  up  until  the  sophomore 
year.  The  change  from  the  freshman  to  the  sophomore  year 
was  made  some  years  ago  and  has  proven  very  satisfactory. 
Descriptive  geometry,  which  formerly  was  taken  in  the  sopho- 
more year,  is  now  taken  in  the  freshman  year.  The  change 
was  prompted  by  two  considerations : 

"First,  that  the  freshman  mathematics  enabled  a  student 
to  take  up  surveying  to  better  advantage. 

"Second,  that  the  weakest  material  in  the  class  is  eliminated 
in  the  freshman  year,  to  the  relief  of  the  instructors  of  sur- 
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veying  and  to  the  advantage  of  the  remaining  members  of 
the  class. 

*'We  devote  four  hours  a  week  to  surveying  field  practice 
throughout  the  sophomore  year;  three  hours  a  week  for  one 
half  of  the  second  term  to  railroad  surveying  field  practice. 
This  is  followed  by  a  four  week's  period  in  the  field  devoted 
to  hydrographic,  topographic  and  railroad  surveying  during 
the  month  of  June  at  the  end  of  the  sophomore  year.  Aside 
from  a  little  field  work  in  connection  with  the  senior  course 
in  geodesy  the  above  schedule  covers  the  time  devoted  to 
field  work  in  our  course. 

"In  my  judgment  the  requirements  of  the  subject  are  satis- 
factorily met  by  our  schedule,  and  I  feel  disinclined  to  extend 
the  time  devoted  to  field  work;  first,  because  the  majority  of 
the  upper  classmen  obtain  emplo^Tnent  in  engineering  during 
the  summer  and  are  thus  enabled  to  add  to  their  capital,  both 
financially  and  professionally:  and  second,  I  see  no  justifica- 
tion for  over-emphasizing  surveying  field  work  as  is  done,  in 
my  judgment,  at  a  number  of  institutions,  as  compared  with 
the  training  received  in  other  subjects.  To  make  my  point 
clear  let  me  say  that  I  would  feel  better  justified  in  holding 
one  of  the  upper  classes  for  four  weeks  during  the  summer 
to  be  devoted  to  one  or  more  subjects  other  than  surveying. 
Doubling  the  period  now  devoted  to  field  work  would  not, 
in  my  opinion,  result  in  a  gain  in  am-way  commensurate  with 
the  expenditure  of  time. 

""We  make  our  headquarters  at  one  of  a  half  dozen  hotels 
at  Eagles  Mere  in  the  mountains  of  Pennsylvania  during  the 
four  weeks  preceding  the  opening  of  the  season  at  that  summec 
resort,  which  enables  us  to  obtain  moderate  prices.  Our 
classes  in  the  past  have  not  exceeded  sixty,  although  next  year 
the  number  may  be  increased  to  ninety. ' ' 

In  my  reply  to  these  statements  I  made,  among  others,  the 
following  comments: 

"Two  summer  school  periods  are  not  excessive;  one  in  gen- 
eral surveying  for  freshmen  or  sophomores ;  the  other  in  rail- 
way or  hydrographic  work  for  juniors.  I  should  hesitate  to 
15 
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require  of  students  four  separate  summer  periods  as  is  now 
the  case  at  one  institution  with  which  I  am  familiar. 

' '  Three  years  ago  we  transferred  our  courses  in  elementary 
surveying  to  the  freshman  year.  Our  experience  seems  to 
have  been  quite  different  from  yours  (University  of  Penn- 
sylvania). To  make  the  change  it  is  a  coincidence  that  we 
reversed  your  action;  that  is,  descriptive  geometry,  shades, 
shadows  and  perspective,  were  advanced  from  the  freshman 
year  to  the  sophomore.  We  find  descriptive  geometry  rather 
difficult  for  freshmen.  On  the  other  hand  elementary  survey- 
ing helps  their  mathematics.  It  certainly  strengthens  their 
trigonometry,  their  knowledge  of  logarithms  and  their  ability 
to  compute. 

"Many  students  who  attend  the  engineering  schools  at  the 
University  of  California  must  make  their  own  way.  ]\Iy  ex- 
perience leads  me  to  conclude  that  more  students  who  earn 
their  own  living  attend  western  institutions  than  eastern  ones. 
Elementary  surveying  in  the  freshman  year  helps  these  men 
materially.  Many  of  them  stay  out  of  college  for  a  year  or 
more  after  completing  the  freshman  work.  Those  who  finally 
come  back  are  most  desirable  students.  For  those  students 
who  remain  continuously  at  the  university  we  find  that  fresh- 
man surveying  has  an  advantageous  effect  also.  Mathematics, 
physics  and  chemistry,  which  represent  the  backbone  of  the 
freshman  year  are  pure  subjects,  but  the  student  unfor- 
tunately does  not  always  appreciate  their  bearing  sufficiently. 
Surveying,  however,  to  a  large  extent,  blends  theory  with 
practice  and  tends  to  excite  or  to  increase  the  interest  of  the 
incoming  sophomore  who  is  over  anxious  to  see  the  engineer- 
ing application  of  his  studies." 

3.  "Washington  University,  surveying  school  near  St.  Louis, 
Missouri. 

"Our  work  is  very  similar  in  its  scope  to  yours,  except  that 
we  have  a  three-weeks  session  each  year  and  only  the  civil 
engineering  students  are  required  to  take  this  work.  Our 
facilities  evidently  enable  us  to  engage  in  more  practice  on 
the  campus  than  you  are  able  to  accomplish.     Conditions  in 
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this  part  of  the  countr\'  also  enable  us  to  give  the  student 
considerable  practice  in  hydrographic  surveying.  We  go  to 
a  summer  resort  habitually,  at  a  time  of  the  year  when  the 
summer  boarders  are  just  leaving  and  so  take  advantage  of 
hotel  accommodations." 

4.  University  of  "Wisconsin. 

Surveys  are  made  at  Portage  on  the  "Wisconsin  River,  The 
students  board  in  private  families.  Portage  is  a  city  of  about 
6,000  inhabitants.* 

5.  Lehigh  University. 

**"We  do  not  have  a  camp  but  take  our  students  to  towns 
nearby  in  the  mountains  where  they  board  at  hotels  and 
neighboring  houses  for  about  one  month  at  the  end  of  each 
college  year.  This  work  is  in  topographic  surveying  and  is 
required  of  all  students  in  civil  engineering,  also  of  all  stu- 
dents in  mining  engineering.  Xo  extra  tuition  is  demanded 
for  this  school,  but  of  course  the  student  pays  his  own  travel- 
ing expenses,  board,  etc." 

II.  Surveying  work  done  near  the  campus  or  upon  it;  mainly 
during  term  time. 

1.  University  of  Syracuse ;  Syracuse,  New  York. 
""When  the   civil   engineering  course  was  started   at  this 

institution  we  contemplated  the  establishment  of  a  summer 
school  of  some  kind,  but  the  developments  so  far  have  been 
unfavorable  to  carrying  out  the  plan.  On  this  account  no 
regular  summer  school  of  surveying  has  ever  been  started. 
"We  make  a  practice,  however,  of  closing  the  class  work  of  the 
junior  year  about  the  first  of  May  and  devoting  the  entire 
remaining  time  between  that  and  commencement  to  field  work. 
The  location  of  the  university,  moreover,  with  open  country 
near  at  hand,  is  particularly  suitable  for  carrying  on  field 
work  during  the  session." 

2.  University  of  ^Missouri;  Columbia,  Missouri. 

"At  present  we  have  no  summer  school  of  surveying  and, 

•  See  description  of  this  school  by  Professor  Leonard  S.  Smith,  ' '  Pro- 
ceedings," Volume  XIIL,  page  63,  1905. 
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therefore,  I  am  -unable  to  comply  with  your  request  to  send 
you  printed  instructions,  regulations,  etc.  We  have  under 
consideration  a  summer  school  in  surveying  and  I  am  very 
glad  to  get  some  details  of  your  work. ' ' 

3.  University  of  ]\Iinnesota;  Minneapolis,  Minnesota. 
"The  college  of  engineering  offers  no  summer  school  of 

surveying  at  the  present  time.  It  is  very  possible  that  such  a 
course  may  be  offered  in  the  near  future.  The  only  work 
here  at  the  present  time  corresponding  to  what  you  offer  is 
that  described  in  the  Bulletin  of  the  School  of  ]Mines;  all 
sophomore  mining  engineers  are  required  to  take  the  summer 
school  field  work. 

4.  University  of  Colorado;  Boulder,  Colorado. 

''All  our  survejdng  work  is  done  during  the  academic 
year. ' ' 

III.  Work  done  at  an  established  camp  or  summer  school  of 

surveying. 

1.  Columbia  University :  camp  near  Litchfield,  Connecticut. 

' '  Columbia  prepares  each  year  an  elaborate  prospectus  giv- 
ing complete  announcements  of  the  summer  courses  in  survey- 
ing. The  summer  camp  is  well  developed  in  buildings,  equip- 
ment and  courses.  In  1907  four  distinct  courses  were  offered : 
(1)  General  elements  of  surveying,  five  weeks,  required  of  all 
first-year  students  in  chemical  engineering,  metallurgy,  min- 
ing, civil  engineering.  (2)  Advanced  surveying,  five  weeks, 
required  of  second-year  students  in  civil  engineering,  metal- 
lurgy and  mining.  The  work  is  differentiated  for  the  needs 
of  the  respective  engineering  departments.  (3)  Hydrographic 
surveying,  two  weeks,  required  of  second-year  students  in 
civil  engineering.  (4)  Railroad  survejdng,  required  of 
second-year  students  in  mining  engineering  and  third-year 
students  in  civil  engineering.  The  work  is  differentiated  to 
the  needs  of  the  two  departments. 

I  am  informed  that  the  geodetic  summer  work  heretofore 
conducted  at  Osterville,  Mass.,  is  to  be  done  in  the  future  at 
the  Litchfield  School.     This  work  is  required  of  third-year 
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students  in  civil  engineering.  In  the  past  the  length  of  the 
course  was  four  weeks.  The  purely  astronomical  practice 
dealing  with  the  use  of  the  sextant  instrument,  the  transit 
instrument,  etc.,  for  the  determination  of  latitude,  longitude, 
azimuth  and  time  is  now  done  at  the  university  observatory 
during  the  winter  months.  In  the  past  a  considerable  part  of 
it  was  done  at  the  summer  school  and  may  probably  be  still 
so  done  there. 

Columbia  University  also  conducts  mining,  metallurgical 
and  geological  summer  schools  in  districts  suitable  to  the 
respective  purposes,  varying  in  locations  from  year  to  year. 

A  description  of  Columbia's  camp  as  it  existed  in  the  early 
nineties  (1893)  is  given  by  Professor  Henry  S.  Munroe,  pro- 
fessor of  mining  and  founder  of  the  surveying  camp.*  In  a 
discussion  of  the  same  topic  by  the  Society  twelve  years  later, 
1905,  he  states :t  "In  some  respects  our  scheme  of  work  differs 
radically  from  that  adopted  elsewhere.  We  do  not  attempt  to 
make  maps  for  publication,  nor  do  we  undertake  extensive 
surveys  requiring  the  cooperation  of  large  bodies  of  students. 
Such  surveys  and  maps  necessarily  burden  the  instructors 
and  consume  time  which  might  be  employed  to  more  advan- 
tage in  their  legitimate  work  of  teaching.  Our  surveys  and 
field  exercises  are  designed  solely  for  educational  purposes, 
and  in  each  case  we  endeavor  to  accomplish  the  result  in  the 
simplest  possible  way.  Each  of  the  earlier  surveys  is  pre- 
ceded by  special  exercises  designed  to  teach  the  student  the 
manipulation  of  the  instruments  to  be  employed  and  some  of 
the  details  of  the  field  method  to  be  used  in  the  next  survey. 
The  course  of  instruction  is  progressive  and  each  survey  pre- 
pares the  student  to  some  extent  for  those  that  follow." 

2.  University  of  Michigan ;  an  excellent,  simple  camp. 

"Your  organization  seems  to  me  to  be  excellent;  numbers 
cannot  be  handled  without  it.  I  am  doubtful  if  I  can  add 
anj^thing  of  service  to  you.  We  began  this  kind  of  work  in 
1874.    Our  first  camp  was  in  1877.    Our  number  last  summer 

*  Consult  "Proceedings,"  Volume  I.,  page  243. 
t '  *  Proceedings, ' '  Volume  XIII.,  page  79. 
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vras  77.  all  civil  engineers.  No  other  students  were  allowed 
except  bv  special  permission.  Our  discipline  is  strict.  "We 
would  make  it  stricter  if  we  knew  how;  not  in  petty  ways, 
but  in  administration.  Our  schedule  for  sis  days  in  the  week 
is  as  foUows:  6:50  A.M.,  roll  caU:  7:00.  breakfast:  7:45. 
inspection  of  camp :  S  :00,  work  begins ;  12 :00,  lunch  (usually 
on  the  work)  ;  1 :00.  work  begins :  5 :00,  quit ;  6 :00,  supper ; 
10 :00,  lights  out.    Camp  quiet  except  below. 

"Instruments,  tools,  in  fact  all  parts  of  our  outfit,  are 
issued  on  brass  checks.  There  is  no  bookkeeping,  therefore 
no  bother.  7 :30  to  8 :00  'A.M..  store  tents  are  open  for  the 
issue  of  equipment :  6 :30  to  7 :00  P.M.,  for  receiving  the  same. 
At  other  times  the  store  tents  are  closed. 

"Heads  of  parties  write  up  field  notes  on  office  blanks 
which  are  afterwards  fastened  in  a  loose  leaf  book.  These 
men  must  work  until  their  task  is  done.  They  may  have 
lights  but  must  keep  quiet.  They  are  quiet  enough.  They 
are  striving  to  get  through.  Theoretically,  when  the  last  man 
goes  into  his  blankets  at  night  everything  is  finished  up  to 
that  day  and  time.  We  have  the  fewest  possible  rules.  Tents 
are  separated  by  wide  spaces.  Our  fees  are  $20.00  in  all. 
Students  pay  their  own  board.  Board  is  $3.75  per  week,  and 
is  furnished  by  a  boarding  boss ;  at  present  a  woman. 

"Our  camp  is  such  as  might  be  permanently  occupied  on  a 
work  of  long  continuance.  "We  believe  that  the  camp  and  the 
camp  discipline  are  a  large  part  of  the  STirveying  lesson." 

3.  Iowa  State  College. 

At  this  institution  students  who  obtain  responsible  and 
approved  summer  positions  with  engineers  are  excused  from 
summer  school  attendance.  The  remaining  students  for  sev- 
eral years  have  conducted  surveys  of  a  lake  in  the  northern 
part  of  Iowa,  each  year  work  being  begun  where  the  preced- 
ing year's  closed.  In  earlier  years  surveys  were  made  in  a 
similar  manner  of  stretches  of  the  Des  Moines  River. 

"The  Civil  Engineering  and  Alining  Departments  of  this 
division  conduct  summer  surveying  schools  following  com- 
mencement each  June.     The  schools  continue  for  two  weeks 
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and  are  merely  supplementan'  to  the  work  of  the  course 
during  the  term  time  in  field  work.  Students  who  secure 
engineering  emplojTuent  during  the  summer  months  are 
excused  from  these  summer  schools.  We  have  for  this  work 
a  complete  camping  outfit  but  do  not  go  to  a  definite  site 
each  year. '  '* 

4.  Ohio  State  University. 

This  institution  also  excuses  students  who  get  summer 
emplojTuent.  The  regular  summer  school  of  the  university  is 
arranged  each  year,  or  whenever  possible,  to  perform  an 
actual  piece  of  work  for  some  person  or  corporation.  For  the 
surveys  the  university  class  receives  some  pajTnent  which  is 
applied  toward  the  expenses  of  the  school.  There  is  there- 
fore no  permanent  camp  site. 

"At  this  school  only  civil  engineering  students  are  required 
to  go  to  camp.  The  requirement  first  went  into  effect  in  1900. 
The  sophomores  and  juniors  go  the  Friday  preceding  com- 
mencement, about  June  15,  and  stay  four  weeks. 

"During  the  first  three  encampments  (which  were  held  at 
different  places  in  the  rough  southeastern  portion  of  the  state, 
about  eighty  miles  from  the  university)  the  work  was  admin- 
istered under  substantial!}'  the  same  arrangements  as  those 
set  forth  in  your  circular  with  the  differences  incident  to  the 
courses  as  here  given  during  the  academic  year.  Our  sopho- 
mores have  ten  exercises  to  do  on  the  campus  in  land  and  city 
sur\'e>4ng  in  the  fall  term,  and  eight  in  railroad  surveying 
in  the  spring  term.  They  followed  this  in  camp  with  ele- 
mentary railroad  surveying  for  two  weeks;  then  land  survey- 
ing for  two  weeks.  Our  juniors  have  three  topographic  maps 
to  make  in  the  fall  terms  and  also  the  work  outlined  in  Pro- 
fessor H.  C.  Lord's  book  on  astronomy  during  the  fall,  winter 
and  spring  terms.  They  followed  this  in  camp  with  advanced 
railroad  and  topographic  surveying.  The  drafting  was  done 
in  the  evenings  by  all,  after  the  field  work  for  the  day  was 
completed.    The  problems  were  imaginary  railroad  lines,  etc. 

•  Consult  an  article  by  Professor  A.  Marston  describing  the  field  work 
at  Iowa  State  College,  "Proceedings,"  Volume  XII.,  page  131,  1904. 
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' '  In  1903  in  an  endeavor  to  put  the  field  work  in  still  closer 
tonch  with  practice  we  accepted  a  proposition  to  survey  sev- 
eral thousand  acres  of  coal  land  in  southeastern  Kentucky", 
employing  those  students  who  had  not  elsewhere  secured  field 
work  for  the  summer  with  practising  engineers.  We  have 
been  following  this  plan  since,  excusing  from  camp  those 
students  who  secure  suitable  engineering  work  with  some 
practising  engineer.  TVe  find  some  advantages  in  this 
method : 

''1.  The  excused  student  gets  three  months'  experience  dur- 
ing the  summer  in  place  of  one,  and  although  he  does  not 
usually  get  the  variety,  he  gets  a  more  thorough  drill. 

"2.  He  gets  paid  for  his  work,  which  makes  it  real  and 
enables  him  to  help  himself  financially. 

"3.  It  heightens  his  sense  of  responsibility.  This  is  often 
needed  by  the  younger  students. 

"i.  It  extends  his  acquaintance  among  practising  engi- 
neers and  engineering  companies;  a  benefit  upon  graduation, 

"5.  The  excused  student  must  file  a  statement  covering  the 
details  of  the  work  for  which  he  asks  credit,  to  which  is 
pinned  a  blank  filled  out  by  his  employer.  These  form  the 
evidence  upon  which  the  amount  of  credit  is  based.  In  this 
way  the  department  conducts  an  employment  bureau  and 
usually  only  twelve  or  fifteen  students  out  of  the  hundred 
otherwise  due  are  left  to  go  to  camp.  During  the  last  four 
encampments  we  have  been  using  these  campers  on  practical 
work  as  follows: 

"In  1903  nine  students  and  three  instructors  surveyed 
about  2,000  acres  of  coal  land  in  southeastern  Kentucky  for 
an  Indianapolis  syndicate.  In  1904  no  summer  work  was 
done  by  any  department  at  the  university-.  In  1905  with 
thirty-two  students  and  four  instructors  we  surveyed  and 
mapped  topographically  forty-two  miles  of  the  road  system 
in  Yellowstone  Park.  For  this  the  national  government  paid 
subsistence  and  transportation  during  the  survey.  In  1906 
with  thirteen  students  and  two  instructors,  surveys,  plans  and 
estimates  were  made  for  street  improvements  and  sewer  sys- 
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tern  at  Willoughby,  Ohio.  At  the  completion  of  the  work  the 
town  voted  the  necessary  bonds  and  construction  was  begun, 
several  of  our  men  being  retained  to  engineer  the  work. 
This  past  summer  (1907)  eleven  students  and  two  instructors 
re-ran  center  line  and  made  inventory  plats  of  eight  miles  of 
the  C.  P.  &  E.  Electric  Railway  and  made  surveys  and  maps 
for  five  miles  of  street  improvements  out  of  Cleveland,  Ohio. 

"The  camp  incidental  fee  has  been  $20.00  during  the  past 
years,  which  covers  subsistence  and  transportation.  To  this 
the  university  during  the  past  three  years  has  added  a  labo- 
ratory fee  of  $6.00.  However  quite  a  sum  is  always  rebated, 
some  years  covering  nearly  the  whole  deposit  on  account  of 
the  compensation  received  for  work  done  by  the  camp.  The 
university  furnishes  the  entire  camp  outfit  down  to  and  includ- 
ing cots  and  a  portion  of  camp  incidentals,  such  as  lumber 
for  camp  dining  tables,  tent  floors,  etc.  Each  student  pro- 
vides his  bedding,  clothing  and  personal  outfit." 

5.    Harvard  University. 

An  elaborate  school  at  Squam  Lake,  New  Hampshire. 

"We  have  a  camp  at  Squam  Lake  for  instruction  in  sur- 
veying, railroading  and  some  other  subjects  in  engineering, 
like  mechanics  and  descriptive  geometry.  This  camp  consists 
of  a  number  of  farms  on  the  slope  of  Red  Hill  which  is  in 
Moultonboro  in  New  Hampshire.  There  are  about  500  acres 
of  land  with  two  miles  of  lake  shore  line  available  and  belong- 
ing to  the  university,  purchased  for  the  purpose  of  building 
up  a  camp.  The  cost  of  this  property  was  in  the  neighbor- 
hood of  $6,000. 

"There  are  various  buildings — one  consists  of  a  number  of 
large  rooms  intended  for  what  might  be  called  administra- 
tion, and  general  use  of  all  students.  The  mess  hall  is  located 
there;  the  kitchen,  and  near  by  the  ice-house.  Close  to  the 
general  hall  is  another  building  for  an  instrument  room  and 
drafting  room.  To  this  place  we  send  the  instruments  at  the 
beginning  of  every  summer  and  return  them  in  the  fall.  Not 
far  away  is  a  room  for  drafting  which  is  simply  a  one-story 
wooden  building  with  the  entire  north  side  filled  in  with  glass. 
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There  is  considerably  more  to  the  establishment  that  I  should 
be  glad  to  tell  you  if  you  desire. 

"The  students  customaril}"  go  to  the  camp  in  June  just 
after  examinations  and  remain  until  the  end  of  the  first  week 
in  September.  The  cost  for  this  length  of  time  per  student 
was  last  summer  $102.50.  This  amount  for  each  student  pays 
all  the  expenses  of  the  camp,  so  that  it  is  self-supporting. 
The  students  live  in  tents  and  are  thus  out  of  doors  all  the 
time. 

"The  lectures  begin  at  seven  o'clock  in  the  morning  and 
usually  one  lecture  is  given  before  the  students  go  into  the 
field,  where  they  customarily  remain  for  from  eight  to  nine 
hours.  There  are  other  lectures  in  the  afternoon,  but  not 
regularly. ' ' 

6.  Yale  University. 

Two  sites  near  New  Haven  owned  or  controlled  by  the 
university;  one  for  elementary  survejdng,  one  for  railroad 
work.    Yale  also  has  a  forestry  school  and  a  mining  school. 

"Sheffield  Scientific  School  controls  a  large  strip  of  land 
about  three  miles  long  and  a  mile  wide,  about  six  miles  from 
New  Haven,  easy  to  reach  by  trolley  or  train.  Our  students 
are  required  to  spend,  before  the  opening  of  the  college  year, 
three  weeks  surveying  from  eight  in  the  morning  until  five 
at  night.  The  office  work,  mapping,  etc.,  is  done  after  the 
opening  of  the  academic  year.  By  this  method  we  are  free 
from  all  trouble  and  expense  connected  with  the  running  of  a 
camp.  The  students  live  in  New  Haven  and  carry  their  lunch 
to  the  field.  For  mining  engineers  where  a  different  type 
of  work  is  desired  we  have  a  similar  locality  a  short  distance 
from  the  city  in  a  mountainous  district.  Students  in  forestry 
go  to  a  camp  in  Pennsylvania.  Here  a  limited  number  of 
students  spend  eight  weeks  in  a  camp  provided  with  suitable 
buildings.  The  camp  is  under  the  control  of  the  Yale  Forest 
School  and  is  designed  more  especially  for  forestry  than  for 
survejdng. ' ' 

7.  Cornell  University. 

In  the  past  Cornell's  school  was  located  on  the  "finger 
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lakes"  of  New  York  State.  In  later  years  it  has  been  located 
on  Fall  Creek  where  the  students  each  year  are  adding  to  an 
elaborate  survey  of  the  watershed  of  that  creek  for  the  pur- 
pose of  obtaining  data  for  Cornell's  hydraulic  laboratory.* 

"Our  work  now  is  limited  to  the  junior  class  and  it  lasts 
four  weeks  and  three  days,  beginning  the  fourth  day  of  block 
week  or  of  the  examination  period.  Xo  tuition  is  required, 
but  a  deposit  of  $25.00  is  made  to  pay  board,  tent  rent,  etc. 
The  work  used  to  be  conducted  on  the  'finger  lakes'  of  central 
Xew  York  where  there  were  summer  hotels  vacant  at  the  time 
that  the  work  was  done,  and  hence  available  for  boarding 
places.  For  the  past  eight  years  the  work  has  been  on  the 
watershed  of  Fall  Creek  for  the  purpose  of  determining  the 
watershed  for  a  study  of  run-off  in  connection  with  our 
hydraulic  laboratory.  Xo  suitable  hotels  are  available  so  that 
we  live  in  camp.  The  work  is  progressive  from  year  to  year 
and  the  maps  and  elevations  are  worked  up  as  a  continuous 
piece  for  publication.  We  have  no  difficulty  with  reference 
to  the  health  of  the  students.  Our  camp  is  kept  in  sanitary 
condition  each  year,  while  the  site  for  the  next  year  is  a  new 
one,  so  that  we  have  nothing  to  fear  from  the  previous  year. 
An  effort  is  made  to  make  this  work  as  nearly  like  actual 
practice  as  possible.  It  has  always  seemed  to  me  that  the 
students  and  instructors  could  both  take  the  work  more  nearly 
in  the  spirit  of  actual  practice  if  the  ground  and  the  problems 
were  new  each  year.  In  a  locality*  like  this  where  so  much  of 
the  ground  is  under  cultivation,  it  would  not  be  possible  to 
go  over  the  ground  year  after  year  unless  the  university 
owned  the  land.  As  it  is,  we  have  but  little  difficulty  with 
property  owners  as  we  are  careful  to  do  as  little  injury  as 
possible  and  to  cultivate  their  good  will. 

"Our  field  work  in  elementary  sun^eying  and  curve  work 
in  railway  surveying  is  done  on  and  in  the  vicinity  of  the 
campus.  Our  work  in  railroad  location  is  done  in  the  fall  in 
the  vicinity  of  the  university  on  Saturdays,  extending  out  in 

•  See  their  prospectus  and  a  paper  bv  Professor  Charles  L.  Crandall, 
"Proceedings,"  Volume  Xm.,  page  71,  1905. 
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different  directions  in  different  years  for  a  radius  of  about 
ten  miles.  The  camp  work  takes  up  topograpliic  surveys, 
precise  levelling,  triangulations,  base  lines  and  about  two 
thirds  of  the  work  given  in  practical  astronomy.  The  field 
maps  are  reduced  and  the  computations  made  for  the  finished 
map  in  the  senior  year,  giving  credit  of  two  hours  in 
cartopography. 

' '  The  students  elect  their  own  chief  engineer ;  a  commissary 
agent  and  captains  for  the  different  parties  are  appointed  by 
the  instructing  staff." 

The  University  of  Minnesota  and  the  Michigan  CoUege  of 
Mines  conduct  summer  schools  of  surveying,  but  only  for 
mining  students.  These  schools  are  naturally  located  in 
mining  districts  and  are  not  necessarily  permanent  in  site 
from  year  to  year. 

My  correspondent  from  Michigan  College  of  Mines  writes: 
"We  have  no  summer  school  work  corresponding  to  that  about 
which  you  write.  Our  regular  course  in  surveying,  which  is 
given  during  the  summer  months,  does  not  take  the  class  out 
of  the  vicinity  of  the  college.  Students  are  able  to  return  to 
the  regular  boarding  houses  each  evening.  In  the  spring  of 
each  year  a  class  in  mine  surveying  is  taken  to  the  iron  dis- 
trict about  sixty  miles  from  here,  but  while  there  the  students 
board  in  private  families  or  hotels,  as  they  choose. ' ' 

The  University  of  Nebraska  conducts  no  summer  school  of 
surveying.  It  prefers  to  allow  its  students  to  get  summer 
employment. 

"We  have  no  summer  school  of  surveying  in  connection 
with  the  University  of  Nebraska,  and  have  not  at  present  in 
contemplation  the  establishment  of  such  a  school.  One  prin- 
cipal reason  why  we  have  not  considered  this  matter  in  any 
favorable  light  is  that  the  majority  of  our  students  have  had 
one  or  more  seasons  of  outside  practical  experience  before  they 
graduate  and  it  has  seemed  to  us  that  such  experience  is  of 
as  much  advantage  to  them  as  the  instruction  which  we  could 
srive  them  bv  holding  them  during  the  summer. ' ' 
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Conclusion. 

It  is  clear  to  me  from  the  evidence  presented  that  the 
opinion  of  a  given  instructor  is  largely  influenced  by  the 
peculiar  environment  of  his  university.  The  reader  will  notice 
that  a  number  of  the  statements  quoted  reflect  directly  and 
indirectly  the  problems  presented  at  the  author's  institution. 
It  will  be  granted,  I  think,  as  a  unanimous  conclusion  that  the 
character  of  a  surveying  summer  school,  its  scope  of  work  and 
duration,  must  be  shaped  by  each  school  according  to  its  needs. 
But  can  it  be  best  to  have  no  summer  work  at  all  ? 

It  is  my  judgment  that  every  engineering  school  conducting 
courses  in  civil  engineering  should  maintain  a  summer  school. 
Preferably  two  courses  should  be  offered,  one  in  the  elements 
of  surv^eying  for  freshmen  or  sophomores;  the  other  in  rail- 
road, canal  and  hydraulic  problems  for  juniors.  ^Mining 
schools  naturally  would  substitute  mine  surv'eying  for  the 
second  course.  Geodetic  instruction  in  general  would  only  be 
given  by  the  larger  schools  and  to  special  students. 

It  cannot  properly  be  claimed  that  emplojinent  in  a  subordi- 
nate position  of  a  practical  field  party  is  a  satisfactory  sub- 
stitute for  the  instruction  given  in  a  well-organized  university 
surveying  course.  Both  experiences  are  very  valuable  to  the 
engineering  student;  they  supplement  each  other.  They  can 
be  had  in  alternate  years.  They  are  not  alike.  "With  rare 
exceptions  the  one  is  routine  practice,  the  other  ought  to  be 
a  scholarly  test  of  principles,  a  study  of  degrees  of  instru- 
mental precision,  a  comparison  of  methods  and  instruments, 
a  training  in  computation  and  mapping,  and  last  but  not  least, 
the  best  opportunity  offered  at  the  university  to  get  close  to 
instructors  and  fellow  students.  Camp  life  gives  the  largest 
opportunities  for  the  students  to  learn  to  know  one  another; 
it  provides  some  of  the  happiest  days  of  an  undergraduate 
career. 
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THOMAS  GRAY/ 

Late  Professor  of  rK-nainic  Engineering,  Eose  Polrtechnic  Institute. 

Thomas  Gray,  first  professor  of  dynamic  engineering  of  the  Rose 
Polytechnic  Institute,  served  from  September,  ISSS,  to  the  time  of 
his  death,  December  19,  190S.  He  was  bom  February  4,  1550,  in 
Lochgelly,  Fileshire,  Scotland,  and  received  his  primary  education 
in  the  schools  of  that  district.  He  was  apprenticed  in  handicraft 
for  several  years,  and  entered  the  University  of  Glasgow,  graduating 
in  1S7S  as  B.Sc.  in  engineering.  He  became  experimental  scholar 
under  Lord  Kelvin,  then  Sir  William  Thomson.  "VThile  in  the  uni- 
versity he  gained  many  distinctions  in  the  classes  of  engineering 
and  mathematics,  receiving  several  prizes.  Shortly  after  gradua- 
tion he  was  awarded  the  Cleland  Gold  Medal  of  the  university  for 
An  Experimental  Determination  of  Magnetic  Moments  in  Abso- 
lute Measurements. 

In  1879  he  was  elected  professor  of  telegraph  engineering  and 
demonstrator  in  the  physical  laboratories  in  the  Imperial  Univer- 
sity of  Tokyo,  Japan.  He  had  as  colleagues  Ayrton.  Perry,  Milne, 
and  Myer.  He  contributed  a  number  of  papers,  during  this  period, 
to  the  Royal  Societies  of  London  and  Edinburgh  and  a  number  of 
papers  to  the  philosophical  magazines.  The  first  papers  were  upon 
experimental  work  in  heat  and  electricity. 

TThile  in  Japan  he  became  interested  in  seismology  and  wrote  a 
number  of  papers  on  earthquakes  and  earthquake  measurements, 
some  in  collaboration  with  Professor  Milne.  He  invented  several 
forms  of  apparatus  for  the  measurement  of  earthquakes.  In  1S81 
he  returned  to  Scotland  and  entered  the  laboratory  of  Lord  Kelvin 
and  Professor  Jenkin,  assisting  in  the  manufacture  and  laying  of 
the  Commercial  Company's  two  Atlantic  cables.  He  took  part  in 
all  the  expeditions  of  the  Faraday  made  in  connection  with  the 
undertaking.  After  the  completion  of  his  task  he  again  returned 
to  Kelvin's  laboratory  and  became  his  assistant.    During  this  time 

^  Biographical  statement  prepared  by  President  C.  Leo  Mees,  of  Eose 
Polytechnic  Institute. 
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he  aided  in  the  design  and  manufacture  of  the  well-known  Kelvin 
balances,  and  published  a  number  of  papers  on  electrical  measure- 
ments. He  wrote  the  article  on  the  electrical  telegraph  and  tele- 
phone for  the  ''  Encyclopedia  Britannica." 

In  ISSS  he  became  Professor  of  dynamic  engineering  in  the  Rose 
Polytechnic  Institute,  which  position  he  retained  iintil  his  death- 
He  organized  the  department  of  dynamic  engineering  and  pub- 
lished a  large  number  of  papers  dealing  with  strength  of  materials, 
electrical  and  magnetic  measurements,  etc.  He  was  the  editor  of 
the  articles  referring  to  electricity  and  magnetism  in  the  "  Century 
Dictionary,"  and  also  prepared  the  Smithsonian  Physical  Tables, 
published  in  1S96  and  revised  in  later  years.  At  the  time  of  his 
death  he  had  in  preparation  a  text-book  on  electrical  engineering 
which  Tinf  ortunately  remains  unfinished.  His  services  as  an  expert 
in  mechanical  and  electrical  engineering  and  in  patent  litigation 
were  widely  sought.  He  was  a  most  careful  experimentalist,  ac- 
curate and  ingenious  in  inventing  devices  for  research,  and  rarely 
have  any  of  his  results  been  questioned.  His  writings  are  models 
of  direct,  clear  exposition.  As  expert  he  invariably  showed  a  com- 
manding knowledge  of  the  subject.  As  teacher  he  was  attractive, 
and  presented  the  subject  under  discussion  in  such  a  masterly 
manner  that  the  student  who  was  otherwise  prepared  could  not 
help  but  follow  in  its  development. 

He  was  a  member  of  the  Royal  Society  of  Edinburgh,  the 
B.  A.  A.  Sc,  the  A.  A.  A.  S.,  A.  I.  X.  A.,  S.  P.  E.  E.,  A.  S.  M.  E., 
and  other  societies,  in  most  of  which  he  held  office.  Some  fifty 
papers  upon  scientific  and  engineering  subjects  of  which  he  was 
author  are  catalogued. 

[Professor  Gray  served  two  full  terms  as  a  member  of  the 
Council  of  the  Society  and  was  in  his  third  term  at  the  time  of 
his  death.     He  was  also  vice-president  in  1900-1901. — Ed.] 
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